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The structure was closed for two days before burner startup during
which t data on pressure, air flow and the HD concentration in the air of
the tes structure were collected. When the burner was started, the real
time mo toring data of the air indicated that volitilization of HI) and/or
HID b products occured. This was confirmed by bubbler data. The
volitilhzation reached a peak about 40 minutes after the burner was fired,
then ished to background level approximtely 8 hours later.

The air temperature inside the test structure was raised in
inc nts each hour to 750 F, until all points on the building had reached
300 F or one hour. It took 35 hours from the start of the test to reach
this 'tion. Cooldown to less than 105 F took 38 hours, for a total
test* time of 73 hours.

After cooldown, the test structure was opened and photographed,
and al samples were collected and analyzed. No sample subjected to the hot
gas ss showed HD above the theoretical detection limits which indicates
that 4iot gas process is effective for removing HI) from these materials.

ifThe results of this study indicate that the hot gas
decontamination concept is a promising technology for the decontamination of
buildings and large pieces of equipment in the field. However, it is
recommended that improved methods be developed to sample and analyze agent
from the suface of painted and unpainted concrete. It is also recommended
that air sampling techniques be used that are not affected by water
emanating from the concrete during the process.
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EXECUTIVE SUMMARY

The Army is the custodian of many buildings that have been contaminated
during the manufacture, storage, and demilitarization of chemical warfare
agents and munitions. Before the buildings can be reused, declared excess or

torn down safely, they must be processed to remove residual contamination.

The Army has embarked on a multi-phase program entitled "Development of
Novel Decontamination Techniques for Chemical Agent (HD, GB and VX)
Contaminated Facilities". The goal of this program is to develop new
technologies to decontaminate buildings and large equipment contaminated with
chemical agents. In Phase I, OIdentification and Evaluation of Concepts", 65
concepts were evaluated to address the problem. In Phase II, "Laboratory
Evaluation of Novel Agent Decontamination Concepts", seven concepts from the
Phase I study were tested for their ability to remove controlled amounts of
chemical agents from samples of building materials to levels below detection
limits. Based on effectiveness, reliability, waste product characteristics,
possible hazards and approximate cost, three decontamination concepts (hot
gas, steam, and 1-octylpyridium 4-aldoxime bromide, or OPAB) were selected for
further engineering evaluation. Both the steam and hot gas processes
penetrated porous materials such as concrete and appeared promising for
building decontamination. The hot gas decontamination concept was found to be
the most cost effective, and was recommended. for further evaluation in a pilot
test in the third phase of the program.

"AAdvanced Development and Field Testing of Novel Processes Technologies

to Decontaminate Chemical Agent Contaminated Facilitic:" is Phase III of the
Novel Processes program. Task I in Phase III is the first atre-scale test •
the hot gas process for effectiveness in decontaminating agent-contaminated
building materials. The portion of the Task I test program conducted at

Ougway Proving Ground (DPG) is the subject of this report which comprises two
volumes. The results of the analytical and sampling methods verification
Studies the design of the test structure and the pilot test are reported in
this volume. Volume 2 is an appendix that contains all of the data generated
during the pilot test. The results of other activities completed as part of
Task 1, including an analysis of regulations that may be applicable to the



field operation of the hot gas process, a preliminary economic analysis of

the process supplied to larger structures, and the results of a field sampling

survey at Rocky Mountain Arsenal (RNA) are detailed in separate letter

reports.

In Task 1, the hot gas decontamination process was used in a pilot scale

study to determine its effectiveness in removing a controlled amount of

chemical agent mustard (HD) from a small test structure with walls made from
poured concrete, solid and hollow concrete blocks, and from mild steel.

Portions of each wall were painted and unpainted. The test structure and
burner system were located in an environmentally controlled test chamber and
were controlled remotely. Coupons of painted and unpainted concrete and steel
were mounted on the inside of the test structure and two areas on the floor

Swere spiked with low quantities (4mg/square inch) of HD to simulate conditions

in a building decontaminated to meet 3x criteria (defined in DARCOMR 385-3!

and OARCOMR 385-102). Pre-test blanks and spike samples were collected and
analyzed in accordance with methodology developed in the laboratory for

extracting HD from pulverized concrete, from soil, and from painted and

unpainted concrete and steel surfaces.

The structure was closed for two days before burner startup during which

time data on pressure, air flow and the 1O concentration in the air in the
test structure were collected. When the burner was started, the real time

air monitoring data indicated that volatization of NO and/or NO breakdown
products occurred. This was confirmed by bubbler data. The volatization

reached a peak about 40 minutes after the burner was fired, then diminished to

background level approximately 8 hours later.

The air temperature inside the test structure was raised in increments to
1.50°F until all points monitored on the building had reached 300OF for one
hour attaining this condition required 35 hours. Cooldown to less than 105OF
required 38 hours for a total test duration of 73 hours.

After cooldown, the test structure was opened and photographed, and all
V samples were collected and analyzed. Results of the analyses indicated that

no 1N0 above the detection limits were found in the samples of building



no HD above the detection limits were found in the samples of building
materials subjected to the hot gas process.

The results of this study indicate that the hot gas decontamination

concept is a promising technology for the decontamination of buildings and
large pieces of equipment in the field. However, it is recommended that
improved methods be developed to sample and analyze agent from the surface of

painted and unpainted concrete. It is also recommended that air sampling
techniques be used that are not affected by water emanating from the concrete
during the process.
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TASK 1: CONTRACT NO. DAM 15-86-0-001
DEVELOPMENT OF NOVEL DECONTAMINATION

"TECHNIQUES FOR CHEMICAL AGENT (GB, VX, HD)
CONTAMINATED STRUCTURES, PHASE III

REPORT AMXTH-TE-CR-87130
PILOT PLANT TESTING OF HOT GAS BUILDING

DECONTAMINATION PROCESS

for

UNITED STATES ARMY TOXIC AND HAZARDOUS

MATERIALS AGENCY

Prepared By

BATTELLE COLUMBUS LABORATORIES

23 October 1987.

4 1.0 INTRODUCTION

The U.S. Army owns many facilities, which may include buildings or large

items of equipment, that have been used in the manufacture, processing,

loading, storage and destruction of chemical warfare agents. These operations
involve permanent hcilities and a variety of process and handling equipment.

_As part of their responsibilities in DoD property disposal, USATHAMA must
identify, contain and eliminate toxic and hazardous materials at facilities

tr~at have been Ceclared excess or are candidates for excessing. With this
• • mandate, USATHAMA must provide not only the technical basis to implement

cieco:ntam.nation buL also the standards to ensure that decontamination has been

effective.

The only currently approved method of decontaminating materials so that

they can be releasnd from government control is incineration at a temperature

of 10000 F for 15 minutes. Materials exposed to such conditions are described
as havina attained '5X" status and are defined as suitable for unrestricted
use (DARCOMR 385-102, 1982). However, the expense required to accomplish such
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decontamination is excessive. The successful development of an alternative

decontamination technique which would not require the dismantling of a

facility and which would result in a 5X decontamination status rating (or its

equivalent) without incineration represents a potentially large cost savings

to the Government. Many facilities that have been contaminated with chemical

agents are structurally sound and it would be most desirable to decontaminate

such facilities by a process that would not damage structural integrity. Free

from chemical agent contamination, the facility could be reused or excessed

with substantial cost savings.

USATHAMA has instituted the multi-phase Novel Process Technologies

program to investigate ways to decontaminate buildings and other structures in

the field. Phase I and IA were concept development and laboratory evaluation

studies of methods ft: decuntaminating building materials (see section 2.0).

The hot gas decontamination concept was chosen as the most effective remover

of chemical agent from a variety of materials as well as the most cost

effective out of 65 concepts tvaluated.

As part of Phase Ill, in which the novel process technology is to be

adapted to the field, Battelle Columbus Laboratories was tasked by USATHAMA to

perform an experimental large-scale pilot test using the hot gas process to
remove controlled amounts of agent mustard (HD) from a small test structure

with walls made of poured concrete, solid and hollow concrete block, and from

mild steel. Surfaces were both painted and unpainted. A propane burner was
attached to a port in the test structure, and heated air was blown into the

test structure and exhausted through a charcoal filter. The test structure

and burner system were locdted in an environmentally controlled test chamber
and were controlled remotely. Coupons of painted and unpainted concrete and

steel, mounted on the inside of the test structure, and two areas on the
concrete floor were spiked with approximately 4mg/square inch of HO. Pre-test

blanks and spike samples were collected and analyzed in accordance with
methodology developed in the laboratory for extracting HD from pulverized

concrete, from soil, and from painted and unpainted concrete and steel

surfaces.
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The results of the analytical and sampling methods verification studies
and the pilot test itself are reported in this volume. Volume two is an
appendix that contains all of the data generated during the pilot test at

Dugway Proving Ground (DPG).

4cm
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2.0 BACKGROUND

Phase I, "Identification and Evaluation of Concepts", was performed by

datteile Columbus Division (BCD)*. Sixty-five concepts were generated and

disc,'ibed in sufficient detail to permit their evaluation against the criteria

of mass transfer, destruction efficiency, safety, damage to structures,

penetration depth, applicability to complex structures, operating costs,

capital costs, and waste treatment costs (Table 2-1). Seven of the most
promising concepts, which included Hot gases, Steam, N-Octyl-pyridinium 4-
aldoxime bromide (OPAB), Monoethanoloamine (MEA), FREON 113 Vapor

Circulation, Ammonia Gas or Am.onia Steam, and Flashblast were recommended
for further study in Phase II, "Laboratory Evaluation of Novel Agent

Decintamination Concepts".

The laboratory study, also peiformed hy BCD, was designed to evaluate

experimpntally the concepts selected from Phase I and to recommend one to
three of the most promising cuncepts for fiald evaluation in Phase III**. The
ideal concept sought was a single decoptamination process that would
effectively decontaminate building materials such as concrete and steel and
remain cost effective. Laboiatory evaluation included testing the

effectivepess of the seven concepts in decontaminating progressively more
complex substrates: first, from glassware, then from unpainted stainless
steel coupons. and finally from pai.nted and unpainted mild .teel, painted
stainless steel and concrete coupon;.

*H. P. Benecke, et al., Development of rove' decontamination and inerting
techniques for explosives contaminateo facilities, Phase I: Identification
and evaluation of novel decontamination cticepts, Battelle Columbus Division
to U.S. Army Toxic and Hazardous Mdterials Agency, Report ORXTH-TE-CR-83211,
July, 1983.

g *t. R. Zamejc, et al., Development of noke' decontamination ard inerting
techniques for chemical agents (GB, VX, HD) ccntaminated facilities, Phase
It Laboratory evaluation of novel agent decontaminatici concepts, Battelle
Cnlumbus Division to U.S. Army Toxic and Hazardous Aaterials Agency, Report
ANXTH-TE-TA-85012, Z1 June, 1985.

- 7c
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TABLE 2-1. AGENT DECONTAMINATION CONCEPTS EVALUATED DURING PHASE I
(from the Phase II Final Report)

CHEMICAL PHYSICAL/EXThACTION

OCTYL PYRIOINIUM 4-ALDOXIME BROMIDE (OPAB) SURFACTANTS
OS2 (A) STRIPPABLE COATING
CO-i (B) VAPOR CIRCULATION
SUPERTROPICAL BLEACH (STB) SOLVENT CIRCULATION
ALL PURPOSE OECONTAMINANT (APO) (C) SUPEACRITICAL FLUIDS
MONOETHANOLAMINE ULTASONIC EXTRACTION
GAMMA RAOIATION
NITRIC ACID
AMMONIUM HYOROXIOE PHYSICAL/ABRASIVE
HYPOCHLORITES
OANC HYOROBLASTING

SGASEOUS AMINES ACID ETCH

CHLORINE SANDBLASTING
STEAM DEMOLITION
AMMONIA/STEAM VACU-BLASTING
"PERCHLORYL FLUORIDE CRYOGENICS
GERMAN EMULSION SCARIFICATION
HYOROXAHIC ACIDS ELECTROPOLISHING
SODIUM HYDROXIDE SOLUTION 0RILL AND SPALL
OIMETHYLSULFQXIOE
MACROCYCLIC ETHERS
PROPIONYL FLUORIDE THERMAL
PHENOLS/CATECHCLS -

CARBONATE/BICARBONATE SOLUTIONS FLASHBLASTING
CHLORITE SOUJUTIONS HOT PLASMA
CHLORINE DIOXIDE MICROWAVE HEATING
NITROGEN TETROXIDE FLAMING
BORON TRIFLUORIDE HOT GASES
OZONE SOLVENT SOAK/BURN
SULFUR DICHLORIDE INFRARED HEATING
UV/OZONE CARBON OIOXIOE LASER
ULTRASONIC OECOMPOSITION ELECTRICAL RESISTANCE CONTACT HEATING
COPPER LIGANDS
VANADIUM CATALYZED HYDROLYSIS
ANTHRANILIC ACID-SILVER COAPLEXATION
MAGNESIUM HYDROXIDE IMPREGNATED ALUMINA
COVPLEXATION WITH MOLYBOENUM LJGANO
PERBOORATES
MICROBIAL OEGRAOATION
PERMANGANATE SOLUTIONS
ENZYME PROTEINS
SODIUM SULFIDE

ir-M1;-tu-e of 70 weight percent Jiethylenetrimtine, ?A weight Dercent
methyl cellosolve and 2 veight per:ent sodium hydroxide,

8) Mixture of SS volume percent moftoeth.ýnolamIine, 45 volume Percent propylene
glycol and 2.5 veight perctnt lithjui hydroxide.

C) Mixture of 54 weight percent monotlthanolamine. 44 weight percent
isopropanolamine and 2.5 weight percent lithium hydroxide.
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The hot gas concept, in which a temperature of 300OF was maintained for
60 minutes, was found most effective in decontaminating HD, GB, and VX

contaminated painted and unpainted steels and porous materials. In the hot gas
process, the interior of a building is heated by hot exhaust gases from a

combustion device located outside the building. As the temperature is
increased, the chemical agents and their decomposition products are
volatilized from the structure and the exhaust gases are filtered or passed

through an afterburner.

The steam decontamination concept and the OPAB decontamination concept
were also effective, but the engineering analysis indicated OPAB would be less

effective than either steam or hot gas. An economic analysis of the
recommended concepts indicated that the hot gas concept would be more

* economical to use than the steam concept. Based on these results, Battelle
and USATHAHA selected the hot gas decoOit~aination concept for field

evaluation in this first task of Phase Il1, OField Testing".

N

0i

0
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7.

3.0 OBJECTIVES

The main objective of the hot gas decontamination pilot program was to

further test the feasibility of the hot gas process before attempting full-

"scale implementation. The objectives of Task 1, Phase III are as follows:

1. Demonstrate the feasibility of the hot gas process in pilot-scale
decontamination tests of an actual contaminated structure, room, or
sump.*

2. Verify and/or develop Kadlytical and sampling techniques for agents
on or in field building materials, soils, water, etc.

3. Determine visually the effects of the hot gas process on actual
structures and representative materials.

4. Identify contamination levels and profiles in field structures
(results to be
reported in a separate letter report, December, 1987).

5. Obtain data for use in satisfying regulatory/safety agency
requirements for application and validation of a decontamination
process (results to be reported in a separate letter report,
December, 1987).

6. Confirm/refine the assumptions made in previous engineering and
economic evaluations such that a detailed design of a full-scale
process can be made (results to be reported in a separate letter
report, January, 1988).

*USATHAHA originally envisioned a pilot test on a structure in the field at an
instp1 ition. However, after a site selection review by USATHAMA was
cond* ' ,d, it was decided that a pilot test conducted on a specially
const,cted test structure spiked with chemical agent in a controlled
envi-tonment would be more appropriate for the first large scale pilot testiog
of this process involving chemical agents.

=•9
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4.0 TECHNICAL APPROACH

Task I included the development cf sampling and analytical methodo~o§ies

for field contaminated facilities, limited sampling of existin; field

facilities, and the design and operation' of pilot-scale hint gas

decontamination system.

Mustard (HD) was the chemical agent of interest in the Task I r,'ugram.

This agent was selected because of indications in previous laborato,'y work

(Phase II) that HD was the most readily recoverable from concrete of the

common chemical agents. This made HD most suited to the objectives oF thW

task. TL• methods development, field survey and pilot test were all Clsigned

with HID as their focus.

4.1 Subtask Review

The work for this task was organized into the following nine subtasks,

each comprised of several activities:

Subtask 1 -- Task Management
Subt4sk 2 -- Phase 1I Design Review

4• Subtask 3 -- Analytical/Sampling Methodology
Subtask 4 -- Field Survey

Subtask 5 -- Pilot System Design and Fabrication

Subtask 6 -- Test Plan

SSubtask 7 -- Procedures and Documentation

Subtask 8 -- Pilot Test

Subtask 9 -- Draft Report

In Subtask 2, Design Review, knowledge gaps in the Phase 1I report were
identified, pilot test parameters were identified (see section 4.2) and
preliminary outlines of the test structure and pilot test design ware made.

The Subtask 2 report was submitted to USATBAMA in Hay, 1986, and is included

in Appendix A.

0I
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In Subtask 3, Analytical/Sampling Methodology, field sampling methods
were developed for retrieving HD from steel and concrete surfaces and from

concrete at depth. Analytical methods were verified for extracting HD from
pulverized concrete, soils, and swab samples collected from painted and
unpainted steel and concrete surfaces. Section 8.4.1 contains a brief summary

of the results of those studies as applied to the pilot test operation. A
more detailed account of the methods verification and sampling method
development is given in the Subtask 3 report which was submitted to USATHAMA

in August, 1986 and is included in Appendix B.

The objective of Subtask 4, Field Survey, was to determine levels of
contamination of HD in actual buildings that could be candidates for the hot

gas decontamination process. A field sampling of a hot gas stream from a

potentially contaminated concrete pit in Building 537 of the Rocky Mountain
Arsenal, Colorado (RNA), was conducted in May, 1981, as part of this subtask.
Results of this operation are summarized in a separate letter report

(Scheduled November, 1987).

Subtask 5, Pilot System Design and Fabrication, included initial design

of the system, drawings of the system setup (submitted to USATHAMA in August,
1986), fabrication of the test structure, and instrumentation setup and
checkout (see sections 5 and 6 of this report).

Subtask 6, Test Plan, was the operational guide for the pilot test. It
is provided in this report as Appendix C.

"Subtask 8 was the pilot test operation itself, which is detailed in
section 7 of this report. Results of the pilot test are described and
discussed in section 8.

The objective of Subtask 7, Procedures and Documentation, was to gather
and analyze federal, state, and Army regulations that would impact the

application of the hot gas decontamination process to the field. Results of

I
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this analysis of safety and environmental regulations are reported in a
separate letter report (Scheduled December, 1987).

Subtask 9, Draft Report, included a summary of all preparation and

results of the pilot test. A preliminary economic analysis of the aprlication
of the hot gas process to field structures was also performed as part of this

subtask. This analysis is reported separately in a letter report (Scheduled

January, 1988).

4.2 Pilot Test Parameter Selection

The original task order called for the pilot test to be performe.. on an
* existing field structUre at an installation, but after a site review by

USATHAMA, it was determined that an intermediate step--changing from a field
test on an existing structure to a scaled-up laboratory test--would provide
more control of the environment and test parameters. Thus, the approach was
changed. The pilot test was subsequently performed on a small fabricated test
structure comprised of a variety of building materials spiked with HD and

decontaminated in an environmental test chamber. Pretest spiked samples and
post test sapies of the building materials were analyzed and compared, and
various air monitoring data were gathered during the test by bubblers and

Automatic Contiaunus Air Monitoring Systems (ACAMS). A test chamber in
Building 3008 at OPG was selected for 'he site of the pilot test.

Because the pilot test. was to be designed to simulate decontamination of
structures which may be encountered in the field, it was decided that the
concentration of the HD spikes should approximate those found in buildings in

a "3xw condition. This condition is defined by the regulations in terms of
vapor concentrations in air, not as concentrations in materials (see DARCOHR
385-31 for HD, and DARCOHR 185-10? for US and VX). Thus, "3x" decontamination

has been achieved when a chemical decontaminant has been applied to a surface
and less than 0.003 mg/m 3 of HO is present it, an 8-hr bubbler analysis of the
offgassed air of the structure (DARCONR 385-31). The concentration of HO in
bubbler solution that corrtlates to the 0.003 mg/m 3 definition is
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approximately 0.1 ug/ml, which is essentially the detection limit of the

analytical method used to analyze the bubbler samples.

In an effort to translate the regulatory criteria to concentration of HD
in building material, the theoretical method detection limits developed in

Subtask 3 were used as minimum criteria for spiking values (see section 8.5).
Army safety and surety regulations and policies dictated the upper limit of
the concentration levels of the spiking. A concentration of approximately 4
mg/sq.in. was used to spike the test structure coupons and the floor spills.

The experimental design parameters of the pilot test were selected after
review of the Phase II report was conducted and a heat transfer analysis was
rmade (Appendix A). The following design parameters were selected:

1. The gas temperature inside the test structure must not exceed 750 F
based on the Phase II conclusion that concrete is not seriously
damaged when heated to temperatures below 750 F.

2. The temperature of structural materials must be maintained at 300 F
for at least 60 minutes to assure the decontamination of HD (from
results of studies in Phase IT).

3. The test structure must be mounted on a base of soil which would be
sampled after the test. This requirement was established to
determine if HO in concrete, when submitted to a unidirectional heat
source, maintains its chemical integrity and migrates away from that
source into the surrounding soil.

The following sections detail the pilot test design, operation, and results.
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5.0 PILOT TEST EOUIPMENT ,IND FACILITIES

5.1 Test Structure DesJqn

The pilot test was conducted in Room 212Y, an environmental test chamber

in Building 3008 at Ougway ?roving Grounds (DPG), July 17-23, 1987. The test

was a joint effort between Battelle, which designed and provided technical

oversight for the test, and Dugway Proving Grounds, which actually performed

the test operations and provided laboratory services. Duties of each

organization are detailed in the Test Plan (see Appendix C).

This section describes the test structure design, coupon design,

* equipmeit layout, the burner design and control, the data acquisition system

and the analyt,.cal services.

The test structure ias a 10 x 8 x 8 foot building with a steel door

opening onto an 8 x 8 foot platfom as sketched in Figure 5-1. Each wall of
the building was made of a different material: one of 12-inch thick concrete,

one of standard 16 x 8 inch by 8-inch thick solid concrete block, one of 16 x
8 x 8 inch hollow concrete block, and one of 0.25 inch s~eel plate. One-half
of the building floor was 12-inch thick concrete and the other half was 6-inch
thick concrete. The platform floor and building ceilir-9 were 0.25 inch steel
plate, The entire structure was mounted on a one foot high, i2 x 8 foot base

made of 1-beams, which was filled with local soil from OPG. (Local soil, which
has some clay in it (see Appendix E), was used instead of the sand called for
in thp design review (Appendix A) because its heterogeneous composition was

_ judged to more accurately approximate actual field coiditions). The base was
*• supported 13 inches from the floor of the test chamber by four casters.

"Therefore, the top of the soil base and the test structure floor were 25
inches above the test chataber floor. The steel door frame and penetrations

for heating, cooling, and room exhaust ducts were located in the steel wall of
the test structure. The entire structure was insulated with high tcm•erature
fiberglass insulation (2 inch thick Owens Corning Insul-Quick).
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5.2 Couoon Design

Both concrete and carbon steel coupons were placed in the test structure.
"The steel coupons were installed on the steel wall; concrete coupons were
installed on the test structure's floor and concrete walls. The concrete
coupons measured 5x5 inches, and were fabricated in two thicknesses: 0.25 and

0.5 inches. Both low porosity and high porosity concrete coupons were
prepared in order to simulate more closely the variety of concrete which can

be found in the field. The cement to sand ratio for the low porosity concrete
was 0.4:1-1.6 and for the higher porosity concrete was 0.6:1:3. The steel
coupons also measured 5x5 inches, and were made of 0.25 inch carbon steel.

The mounting clips used for holding the coupons against the test
structure walls consisted of the following components:

1. Tool Holder, No. 68 Finger Grip (cut in helf),

2. Machine Screw Anchor, Tampin, 10-24 (rated at 150 lbs safe load),

3. Steel Bushing, 5/16 inch 00 x 3/16 inch I1 x 17/32 inch long, and

4. Steel Machine Screw, RH 10-24 x I inch.

Figure 5-2 is a sketch of the assembled clip,

The equipwent floor plan is shown in Figures 5-1 and 5-4.

IIN

4.

y-
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Machine Screw

Wall Surface

Hole for Tampin: Tani
3/8 Inch Diameter
by 5/8lInch Deep/

FIGURE 5-2. SKETCH OF COUPON MOUNTING CLIP

21.
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5.3 Eguiment Layout and Thermocouole Placement

Figure 5-5 indicates thermocouple placement in the test structure.

Standard type K Chromel Alumel thermocouples were used. The flexible type was

used to monitor material temperatures (in the solid walls and on the

surfaces), and the rigid probe type was used to measure air temperatures in

the test structure and in the middle of the hollow block wall.

The following temperatures were monitored in the test structure:

1) Inside test structure room (TC 41)

2) Inside test structure room, second location (ITC 42)

3) Inside concrete wall (TC 1)

4) Middle concrete wall (TC 2)

5) Outside concrete wall (TC 3)

6) Inside solid block wall (TC 11)

7) Middle solid block wall (air space) (TC 12)

8) Outside solid block wall (TC 13)

9) Inside hollow block wall (TC 21)

10) Middle hollow block wall (TC 22)

11) Outside hollow block wall (TC 23)

12) Steel wall (TC 43)

13) Steel ceiling (IC 54)

14) Steel ceiling, second location (TC 55)

15) Inside 6 inch floor (TC 8)

16) Outside 6 inch floor (ITC 9)

17) Inside 12 inch floor (TC 27)

18) Middle 12 inch floor (TC 28)

19) Outside 12 inch floor (TC 29)

_ , --- -- - - - - -- - - - - -
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20) Bottom soil, 6 inch floor (TC 10)

21) Bottom soil, 12 inch floor (TC 30)

22) Duct from test room before dilution (TC 47)

23) Duct from test room after dilution (TC 48)

24) Air to burner (TC 50)

25) Chamber air near test structure (TC 51).

5.4 Burner Design and Control

5.4.1 Burner Design

- A 1.5 inch KINEMAX medium velocity burner, manufactured by Maxon

Corporation, was used to heat the test structure. The maximum capacity for

this particular burner is 550,000 Btu/hr. For the purpose of this

demonstration it was designed to operate on propane fuel and was supplied with

a combustion blower rated at 100 standard cubic feet per minute (scfm). A

constant air flow to the burner was used throughout the test.

5.4.2 Burner Control

Thermocouple No. 41 which monitored the air two feet inside the test

structure actuated a control at the proportioning control panel to modulate

the fuel flow through the combustion train to the burner. The control panel
* was iocated in a control room outside the test chamber. Therefore the

* temperature setpoints (test structure heat-up) could be controlled without

* entering the test chamber.

Standard industrial safety features built into the burner system

included:

1. Automatic shutdown of burner if flam out was sensed by a UV flame
detector;

* 2. Automatic shutdown of burner if nigh or low gas pressure or high or
low burner temperature were sensed; and

4

0_
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3. Automatic shutdown of burner if loss of Fir flow through theI- combustion blower was detected.

The dilution air entering the hot gas exhaust duct was controlled by a
U barometric damper which was adjusted (0.5 in. H20) to maintain a negative

pressure (-0.2 in. H20) in the test structure. Two 1200 actual cubic feet per

minute (acfm) blowers were located downstream of the barometric damper and

carbon filter in the exhaust duct. These blowers were required during the
test to assure adequate tempering of the exhaust gas before it passed through
the filter.

A remote cooling air damper, located at the structure's cooling air
au• inlet, was closed during heat-up of the building. At the end of the test,

when the burner was turned off, this damper was opened to allow cooling air to

enter.

A line diagram of flows and controls for the burner system is shown in

Figure 5-6.

- 5.4.3 Emergency Shotdown-of System

In addition to the automatic iutdown safety features of the system,
there was also a master control switch on the control panel that could be used
in case an unanticipated problem arose in which would not automatically

initiate shutdown of the system.

5.5 Data Acquisition-Systgm

The data acquisition system, GP-DAS, was provided by DPG. It was housed
Al in a mobile unit (trailer) outside of Building 3008. The system monitored air

flow data, thermocouple data, and the pressure inside the test structure
continuously.
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5.6 Analytical Laboratory

All sample analyses were conducted in the DPG laboratories by DPG
personnel. The bubbler samples were analyzed in the laboratory of the Assay

Branch, and the material samples and all methods verification analyses were
performed by the laboratory in the Technology Branch. Laboratory quality
assurance overview was provided by Battelle personnel.
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6.0 PREPARATION FOR PILOT TESTING

6.1 Installation of Coupon Holders and Desian of Coupon Placement

After the test structure was delivered to DPG, it had to be installed in

the test chamber and the instrumentation tested. (his section describes the

pre-test oreparations which included coupon holder installation, air flow

measurement, and burner modification and checkout.

The locations for the coupons were marked on the inside walls of the test

structure according to the placement specified in Figure 6-1. A template and

hammer drill were then used at each of these marked locations to drill out the
holes for the mounting clips. Lead tampins were inserted in each of the

holes, and the mounting clips described in Section 5.2 were screwed in place.

The test design called for all coupons to be spiked and mounted on the
walls with their spiked faces facing into the test structure, except the 3

coupons marked in Figure 6,1. These coupons were to be spiked and mounted with
the spiked faces toward the wall to approximate agent in concrete at depth. In

addition, a 5 inch diameter circular plug of concrete, the "sunken coupon" of

Figure 6-1, was spiked on the bottom and inserted into a 4 inch deep hole cut

out of the unpainted concrete floor. This coupon was designed to simulate HD
contamination at depth. Analysis of coupon no. 15, 25, 35 and this plug would
help determine the efficiency of the hot gas process in destroying HO at

depth in concrete.

To simulate a spill of HO onto concrete, two 20 x 20 inch areas on the

painted and unpainted sections of the concrete floor were ridged in concrete

. caulking. A controlled spike was delivered to each of these two confined

areas and allowed to soak into the concrete for about three days prior to the

burner startup. Samples from the spiked areas were collected by drilling and

extracting the pulverized concrete (see Appendix B). Drill samples from the

--
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Exhaust Port Steel Wall

Cooling Port

I0~ 9 0 [3 C
41 43 4 42 4!

_ Burner Port. Door

Solid-Block Wall . , HoMllow-Block Wall

::32 MCI ""'® 5 I:,

~I402 04A 0

i14

ri33 03 14
- •Spill C 1I2

- -31 Floor, Concrete 012

6' (NTS)

Solid, Poured-Concrete Wall

Z42225 21 23II

LEGENDS

Coupon Code [• Pointed: concrete and steel areas

00 Concrete floor t--- Un-painted: concrete and steel areas

- 10 Hollow-block wall L] Spiked coupon

'* ZO Concrete wail • Spiked coupon with face to wall

30 Solid-block wall Spiked coupon (4" deep in concrete floor)1

40 Steel wall C30 Unspiked coupon

--.
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concrete wall beneath coupon no. 15, 25 and 35 would be collected as well to

determine if detectable HD had migrated into the concrete wall from the

"spiked coupon faces.

6.2 Air Flow Measurenke.

Prior to the test, the system was operated with ambient air, primarily to
verify that:

1. negative pressure (-0.1 to -0.2 in water column) could be maintained
inside the test structure, and

2. air flow in the exhaust duct, after dilution and before the 1200
acfm carbon filter, was at least 1000 acfm.

Negative pressure was required in the test structure to prevent HD

contaminated gases from leaking into the test chamber; low pressure was needed
to minimize in-leakage, The exhaust system was cooled with dilution air to

l protect the carbon filters which can sustain a maximum temperature of about
4000 F. A minimum flow of 1000 acfm was maintained.

Other system flows which were required as ganeral data input were the
combustion air flow and exhaust flow prior to dilution through the barometric

damper.

6.3 Instrument Checkout

The thermocouples in the test structure, exhaust duct, combustion air,
and test chamber were calibrated using millivolt (my) signal generators. All
pressure transducers were zeroed and calibrated over the full response range.

Using a milliamp (ma) signal from each of the transmitters, all the
indicator/controller readouts in the control trailer control panel were then
standardized to give the correct readouts.

Each Magnehelic pressure gauge was zeroed and chocked against the
corresponding pressure transducer readout in the GP-DAS trailer.

-V n. -o -p %P-,A -q -'M--p .p
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#i3 6.4 Burner Modification and Startup

The system equipment furnished by the building contractor was not
adequate to providc automated control of fuel flow to the burner. Blair-

*• Alexander Engineering (supplier of the burner) was contacted to provide
initial adjustment and light-off of the system, as well as to modify the
system to make burner control more fully automated. Blair-Alexander
Engineering provided the following equipment for this modification:

* 1. high temperature cut-off,

2. temperature controller,

3. two thermocouples, and

4. motor for the fuel control valve.

Following the installation and wiring of these components, the fuel valve
was sized and the 0-100% span was set on the valve control motor. During the

initial startup of the burner, it was detemined that a constant combustion
air flow of 60% of maximum gave the best light-off and flame

throughout the burner operating range.

Startup and operational procedures for the actual test are detailed in
the Burner SOP (Apperdix 0).
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7.0 TESTING

7.1 Backaround Data

Before the testing began, tie thermocouple and pressure transducers were

calibrated and background data such as temperature, pressure, and air flow

rates were taken by the data acquisition system. The calibration provided

confidence in the readings and the background data provided a point of

reference for the balance of the test. Background chemical analysis samples

were also taken on July 16, 1987. These samples included concrete floor

samples (powdered concrete from drilling 3/8 inch diameter holes 3/8 inch to

1/2 inch deep) next to the floor spill areas and wipe samples from the floor

and wall. Air samples were taken using bubblers and an ACAMS.

The bubblers were placed at the following locations (Figure 7-1):

0 East Floor--air next to test chamber on solid block wall side

e West Floor--air next to test chamber on burner side

* Upper Door--air in test structure 2 feet above the floor, collected
from the second from bottom pipe nipple in door

8 Lower Ooor--same as above, except collected from the bottom pipe
nipple in door

I East Exhaust--east side of exhaust before dilution with water cooled
condenscr

i West Exhaust--west side of exhaust, same as above

* Pre 1200 acfm--exhaust after cooling air dilution

* 1200 azfm Exhaust--exhaust after carbon filter
* Burner Fan-- air near burner blower air inlet

* Soil Area-- air between the soil base and the test structuret s 6-
inch thick floor underneath a spiked floor spill area.

Two other bubblers were used for monitoring outside of Building 3008 for

safety purposes. These results were also reported.
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The ACAMS sample was taken using a tee in the sample line to the East

Exhaust bubbler after the condenser. The ACAMS is an on-line monitor that

provides an updated reading every 8 minutes. The bubblers used 10 milliliters

- of hexylene glycol to collect material for an approximate 6-hour sampling

- period of a~proximately 1 liter per minute of air pulled through the bubbler

(0.1 mg/ml equals approximately 0.003 mg/m 3).

"The background data collection continued during the coupon spiking

operation and during the three days after spiking before the burner was fired.

7.2 Decon Testing

On July 17, 1987, between 0900-1000, the coupons were spiked with

approximately 7.6 ml of a 2.0 weight percent solution of HD in hexane to

deliver 95 mg of HD to each coupon. After the coupons were placed into their

holders in the test structure, the floor spill areas were spiked. The test

structure was then closed. The ventilation blowers remained on to keep the

test structure at negative pressure and pass the exhaust through the 1200 acfm

"activated carbon filter. Data and air samples were taken over the weekend

while the HD was allowed to soak into the test structure. The ACAMS responded

to the HD in the test structure. The reading was over 20.0* after spiking.

Before the burner was started July 20, 1987, the ACAM4S reading had decreased

to 0.23*.

The burner was started July 20, 1987, at 0910 at a controller set point

temperature setting of 2000 F. The ACAMS reading rose rapidly, responding to

the start of the burner. At 1000 the burner control set point was raised to

250°F and the ACAMS reading was 3.00*. The test exhaust temperature was

192 0F. The burner control set point was raised SOOF every hour until it

reached 4000 F, after which it was held at this setting for 6 hours. During

"*Reading is number times 0.003 mg/m 3 .
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this heat-up period, no steam was observed coming from the exterior of the

test structure. The ACAMS reading peaked at a value of 4.30* at 1022 and

decreased after this point. The exhaust bubblers and ACAMS condenser cooling

water were turned on at 1200 when the exhaust temperature reached 2840 F.

The burner control set point was raised in increments of 50°F every hour
to 7500 F, starting at 1900. The ACAMS responded to the temperature increase

with an increase from 0.3* to about 0.9* at 2200.

When the bubblers were changed at 2400 it was noted that the bubblers

that were sampling from the exhaust and from the test structure air were
filled and overflowing with water that had condensed in the condenser aril/or

sampling lines. The water also had flowed into the ACAMS, which made the
ACAMS readings questionable for the balance of the test. The water in the

bubblers prevented those samples from being analyzed. Water traps were
installed in the bubbler sample lines to help alleviate this problem for the

rest of the test.

Also at this time, 2400, July 20, 1987, steam was visible at the seams of
the metal covering the insulation on the exterior of the test structure. The
outside wall temperatures were near 200-212OF at this time, indicating that

moisture was being driven out of the concrete. Water had been collecting in
the bubbler that was sampling the air beneath the test structure floor since

about 6 hours into the heatup phase. This water was probably released from the
soil in the test structure base as the temperature increased.

During the evening of July 20, 1987 and the morning of July 21, 1987, a

severe electrical storm caused three short disruptions of commercial power to
the GP-DAS data collection system. No serious damage to the data integrity

was sustained. The burner, powered by its own generator, continued

uninterrupted.

The final burner control setting of 750°F was attained at 0100, July 21,
1987. The burner was maintained at this temperature until all the building
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temperatures exceeded 300OF for a minimum time of 1 hour. This condition was
reached by 2000 on July 21, 1987, 35 hours after the burner was fired. The

• burner was shut off at 2020 at the same time that the bubblers were switched.
This started the cooldown period. The cooldown period was ended 38 hours
later when all the test structure internal temperatures dropped to 105OF or

less.

The burner air blower was kept operating to blow cooling air into the

test structure along with the cooling air entering the structure from the
cooling air inlet duct. As the exhaust temperature leaving the test structure
decreased, the dilution air inlet damper was closed to pull as much cooling
air through the test structure as possible without exceeding the temperature
limit to the inlet of the carbon filter. Cooldown ended at 1000 July 23,
1987, and the best structure door was opened.

7.3 Post Testina

Photographs were taken of the test structure after opening and before the
coupons were removed. After photographing the test structure, the coupons
were removed and placed in unused plexiglass boxes for transport to the
chemical laboratory for analysis, which included analysis of surface wipes of
the coupons and also analysis of selected concrete coupons that were
pulverized and extracted.

at Swab samples were collected from the test structure at the following

locations:

0 in each of the floor spill areas

0 near the spill areas on the floor, painted and unpainted

* each wall, painted and unpainted

• ceiling.

It.~
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Concrete drill samples were taken from each of the floor spill areas and

areas outside the spills. Concrete drill samples were also taken on the walls

under coupons No. 15, 25 and 35, which were placed with the spiked face toward

the wall. Other samples taken included 2 vials of paint chips that were

removed from the metal wall and floor beam, and four soil samples taken about

18 inches in from the wall under the test structure. Both pre-test and post

test samples collected and analyzed are listed in Tables 7-1 and 7-2.

ma
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TABLE 7-1. PRE-TEST BLANK SAMPLES

LABORATORY LOCATION OF SAMPLE/ TYPE OF
SAMPLE NO. TYPE OF MATERIAL SAMPLE

71 Steel, coupon Swab
72 Painted steel, coupon Swab
81 Concrete, coupon Swa:.,
82 Painted concrete, coupon Swab
CI Painted concrete, floor Swab
C2 Painted concrete, solid Swab

block wall
C3 Painted concrete, hollow Swab

block wall
C4 Concrete Swab
C5 Concrete, floor Swab
C6 Painted steel, ceiling Swab

C7 Steel, ceiling Swab
Ca Concrete, solid block Swab

wall
C9 Painted concrete Swab
CIO Concrete, hollow block Swab

wall

-6

I4



36

TABLE 7-2. POST-TEST SAMPLES

LABORATORY LOCATION AND TYPE SAMPLE SOLVENT

SAMPLE NO. OF MATERIAL TYPE EXTRACT

1 Steel, unpainted Swab Hexane

2 Steel, painted Swab Hexane

3 Painted Floor Spill Swab Hexane

4 Painted Steel Swab Hexane

5 Unpainted hollow concrete Swab Hexane
block

6 Unpainted concrete Swab Hexane
7 Hollow concrete block, Swab Hexane

painted
8 Floor spill, unpainted Swab Hexane
9 Concrete, painted Swab Hexane
10 Solid concrete block, Swab Hexane
11 Steel, ceiling Swab Hexane
12 Solid block, painted Swab Hexane
13 Soil, painted Soil Chloroform
14 Soil, unpainted (under Soil- Chloroform

spill area)
15 Wall, solid concrete, Drill Chloroform

under #35
16 Wall, concrete, under #25 Drill Chloroform

* 17 Wall, hollow concrete, Drill Chloroform
under 015

- 18 Unpainted concrete, floor Drill Chloroform
spill area

19 Painted concrete floor Drill Chloroform
-* spill area

20 Soil, painted under spill Soil Chloroform
area

.B.
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"TABLE 7-2. POST-TEST SAMPLES (continued)

H LABOROTORY LOCATION AND TYPE SAMPLE SOLVENT

-SAMPLE NO. OF MATERIAL TYPE EXTRACT

21 Soil, unpainted Soil Chloroform

22 Paint from center beam in Paint Chloroform
floor

23 Steel door paint sample Paint Chloroform

24 Standard, HD in
cyclohexane

25 Coupon #05, concrete Swab* Hexane
circular (floor)

26 Coupon 02, painted concrete Swab Hexane
27 Coupon 22, painted concrete Swab Hexane
28 Coupon 32, painted concrete Swab Hexane
"29 Coupon 35, concrete Swab* Hexane
30 Coupon 10, concrete Swab Hexane
31 Coupon 41, steel Swab Hexane
32 Coupon 43, steel Swab Hexane
33 Coupon 04, painted concrete Swab* Hexane
34 Coupon 04A, painted concrete Swab Hexane
35 Coupon 24, painted concrete Swab Hexane

(broken)
36 Coupon 34, painted concrete Swab Hexane
37 Coupon 15, concrete Swab Hexane
38 Coupon 21, concrete Swab Hexane
39 Coupon 11, concrete Swab Hexane
40 Coupon OIA, concrete Swab Hexane
41 Coupon 33, concrete Swab Hexane

S42 Coupon 42, painted steel Swab Hexane

Y.

6•
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TABLE 7-2. POST-TEST SAMPLES (continued)

LABOROTORY LOCATION AND TYPE SAMPLE SOLVENT
SAMPLE NO. OF MATERIAL TYPE EXTRACT

43 Coupon 14, painted concrete Swab* Hexane
44 Coupon 44, painted steel Swab Hexane
45 Coupon 45, concrete Swab* Hexane
46 Coupon 31, concrete Swab Hexane
47 Coupon 12, painted concrete Swab Hexane
48 Coupon 13, concrete Swab* Hexane
49 Coupon 23, concrete Swab* Hexane

- 50 Coupon 25, painted concrete Swab Hexane
51 Floor, painted background drill Chloroform
52 Floor, unpained background drill Chloroform

*These coupons were also pulverized, extracted and analyzed after swab samples

were collected.
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8.0 PILOT TEST RESULTS

8.1 Test-Structure Integrity

The condition of the test structure after the pilot test is shown in
Figures 8-1 and 8-2. The photographs show the interior of the structure from
the doorway and from the interior looking toward the doorway.

The test structure appeared to be structurally sound and in excellent
condition, although no tests for structural soundness were performed. The
structure showed no visible signs of structural damage as a result of the
thermal decontamination test. There were no cracks in the wall, no separation
of the walls at the corners or ceiling. The concrete did not appear to be
weakened by the heating based on the time required to drill 3/8 inch diameter
holes after the test. The alkyd (Sani-flat) paint used on sections of hne
floor and walls remained intact on the concrete but chalked and flaked off the
metal. This difference in performance may be related to the higher
temperatures attained on the metal surfaces compared with those attained on
the concrete surfaces.

Several concrete coupons fell to the floor during the test. They remained
relatively intact, with only corners chipped off most of them. The coupons
fell during the test due to the melting of the lead anchors that were used to
install the coupon mounting clips on the concrete block walls and the concrete
wall. In some places, lead was splattered on the floor of the test structure.

The following was the status of the coupons:

£QWuponNo.. Comments
11 Fallen to floor, 1 large piece, 2 small pieces

13,15 In place on wall, loose

14,22,33 Fallen to floor, intact
12 Failen to floor, I large piece, 1 small piece

23,21 In place on wall, loose

%N-NNMRS 16 .N;
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"25 Fallen to floor, 1 large piece, 1 very small corner
"piece

24 Fallen to floor, approximately 5 pieces
31 Fallen to floor, 2 small cormers missing

35,32,34 In place on wall, loose
41,42,43,44 In place, tight.

8.2 Heat-up Profiles

The temperature heat-up and cool-down profiles of each of the walls and
floor sections are shown in Figures 8-3 to 8-8. The plots begin with the
startup of the burner, which was turned on 80 hours after the test structure
was spiked. The graphs for the poured concrete wall, the solid concrete block

M wall, and the hollow concrete block wall compare thermocouple readings from
the interior surface of each wall, middle of each wall, and three locations on
the exterior surface of each wall. The plot for the steel wall displays the
temperature profiles for halfway up the wall and near tne ceiling. The
profiles for the two floor sections contain readings from the interior surface
of the floor, the middle of the floor, the exterior surface of the floor, and
the soil beneath the floor (wsand box"). Each graph also contains the
temperature profile of the thermocouple used for burner control for comparison
with the other thermal profiles displayed.

The thermal profiles show that for the cjncrete walls and the floors, the

interior surface temperatures of the walls heated faster and attained higher
_temperatires than did either the middle of the walls or the exterior surfaces.

The therial profiles of the steel wall paralleled the burner air temperature
Sprofile very closely.

Figures 8-9 and 8-10 colare all interior and exterior wall surface
temperatures, respectively. The steel wall reached the highest temperatures

during the test. The poured concrete wall interior surface reached the highest
temperatures of all the non-steel walls during the heatup phase, mnd the
hollow block wall interior surface was the least responsive to the burner air

Will
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temperature. The exterior or the hollow block wall heated up faster and
"hotter than both the poured concrete wall and the solid block wall. The
different thermal characteristics of the building materials heated in this

pilot test imply that building construction will be an important factor to the

site-specific design of hot gas decontamination system field operations.

Hourly averages for all thermocouples are tabulated in Appendix F.

8.3 Air Analyses

8.3.1 ACAM$ Readings

On July 17, 1987, 0900-1000, the test structure was spiked. The

background reading before spiking of the test structure was 0.02 on the ACAI4S,
which is 0.02 times the time weighted average (TWA) value of 0.003 mg/m 3 . The
ACAMS monitored the air in the test structure after it had passed through the
exhaust but before the entry of the dilution air. The digital readouts (read
by remote video camera) were updated every 8 minutes. After the spiking of
the test structure, the ACAt4S readings rose to greater than 20 times the 0.003
mg/m 3 value, or approximately 0.060 mg/m3. The ACAMS was responding to the HD
spike. By 0830 on July 20, 1987, approximately 0.5 hr before the startup of
the burner, the ACAMS readings had decreased to 0.0007 mg/m 3 , or about one-
fourth of the TWA (0.003 mg/m 3 ).

g
Figure 8-11 is a graph of the ACAMS data collected during the major

portion of the heatup phase of the test where most of the ACAMS activity took

place. At 0900 on July 20, 1987, when the burner air blower was started- the
ACAJ4S readings rose from 0.0007 to 0.0013 mg/m3. At 0922, the readings had

4 risen to 0.002 mg/m 3 , and the exhaust temperature was 2000 F. The AMAU4S
readings reached a maximum at 1022 of 0.013 mg/m 3 . The building exhaust

temperature at this time was approximatf.ly 2260 F. From that time until
approximately 1703 on July 20, 1987, (the next 7 hours), the ACAMS readings4-l
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Zfell in a fairly smooth curve to the background level. The building exhaust
temperature at 1700 was 3740 F.

After 1800 on July 20, 1987, the readings began to rise and fall
erratically during the remainder of the test (until 1000 on July 23, 1987).
Some of the increases may be explained by an increase in temperature of the
burner, but, for the most part, the readings were inexplicable. At 2400 on
July 20, water was discovered in the ACAMS, which casts doubt on the readings
after this time and may explain the erratic readings during the previous 6
hours. A water-cooled condenser had been installed in the line that sampled
the exhaust stream to cool the air entering the ACAMS (and bubblers) to avoid
damaging the instruments and evaporating the bubbler solvents. However, the
water released from the concrete as it was heated and the water produced as
"the propane fuel was burned condensed in the sample lines.

8.3.2 Bubbler Analyses

Of the 12 bubbler stations serviced during the total operations, only 5
showed any values above the TWA of 0.003 mg/m 3 during any time of the
operations. These stations were as follows: Lower Door, Upper Door, East
Exhaust, West Exhaust, and the Under Spill Area.

The Lower Door station graph is shown in Figure 8-12. This station drew

air samples from inside the test structure near the floor at a location
approximately four feet from a spiked floor spill area. The hubbler sample
during the spiking operation showed a sharp, 30-fold increase above
background, to approximately 0.060 mg/m 3 , then declined to the detection limit
by about 48 hours after the spiking operation. The bubbler showed a positive

4 reading (approximately 0.006 mg/m 3) during the burner startup period and
Sduring the second six hour period (12 hours total). After this time, water

produced by the dehydration of the concrete and from the burner entered the
bubbler and the samples could not be analyzed. Water traps were eventually
placed in the sample lines, but condensate may have trapped HD or HD breakdown

products so that an accurate collection of contaminants would not be possible.

iNNt
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Therefore, analytical values obtained for periods after the initial discovery

of water in the bubbler were treated as suspect and are not plotted on the

• graph.

The Upper Door station was about two feet above the lower door location.

The graph for that station (Figure 8-13) is similar to the one shown in the

Lower Door station in that the concentrations during the spiking period were

high and the subse4tent concentrations decreased to almost the TWA by the time

the burner was started. By the second six hours of the heatup phase, the

samples were registering only background levels of HD or HD breakdown
products. Water entered the bubbler during the 0800-1400 period of July 21,

1987, approximately 24 hours after the test began, rendering the rest of the
• L data suspect.

The East Zxhaust station sampled the exhaust of the test chamber before
it was diluted with cooling air. The HO concentrations - time curve (Figure

8-14) showed a more subdued response, appreximately a 7-fold decrease, to the

spike than the Lower and Upper Door stations. This decrease, confirmed by the
West Exhaust station results (see below), may be due to lack of mixing of the

purge air entering the test structure and the air within the structure when
the floor was spiked. The blower air entered the test structure by way of

the damper near the top of the door, and left the test structure through the
exhaust port next to it (see figure 7-1). The negative pressure in the test
structure may have caused the inlet air to exit without mixing fully with the

test structure air. Mort thorough mixing of the test structure air probably
occurred during the test because the heated air was added at the bottom of the

door. nit at the top next to the exhaust port.

The conceatrations of RO in the bubbliw samples of the East Cxhaus"

stition diminished to close to background by the start of the test and did 4ot
"significantly change during the period of burner startup and the heatup phase.

However, the period of 2000-0200 on July 21 & 22, 1987. approximately 35 hours
after the test began and judt after the cooldown phase had started, produced a

bubbler sazple concentration that had increased from background levels to
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0.018 mg/m 3 , or about six times the TWA- Because of these rather high and

unexpected values, several samples of the bubbler solutions were analyzed by

gas chromatography (GC) to determine the chemical composition of the

contaminant. HD breakdown products were found, but no HD was discovered.

Sample results from the West Exhaust station showed a similar graph to

the East Exhaust station (Figure 8-15). Samples collected during the first

period of the cooldown phase increased from background to about two times the
TWA like the East Exhaust station readings, but immediately declined to below

the detectable limit for the remainder of the test. As with the ACAMS and the
Lower and Upper Door bubbler stations, both the East and West Exhaust stations

eventually filled with water and were unable to be analyzed.

The Under Spill Area station, which sampled air between the soil base and

the concrete floor just under a floor spill area on the six inch thick floor,
yielded a unique profile (Figure 8-16). During the 18 hours before the
spiking operation took place, three consecutive bubbler samples showed

concentrations of contaminant of two times the TWA (about 0.006 mg/m 3 ). This

value remained constant throughout the spiking operation, increazed during a
six hour period approximately 50 hours after the spike, and then diminished
to background levels. Water entered the bubbler during the period of initial

test heatup, so most of the remaining samples were not analyzed. This profile

suggests that something from the soil used for the soil base of the test
structure gave the bubbler a high background level. Bubbler samples collected

duriiq the last hours of the cooldown (after water traps in the line were
installed) showed no detectable contamination from this station.
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8.4 Sample Analysis

8.4.1 Verification Results

The final objective of Subtask 3, Analytical/Sampling Methods, as decided
by USATHAMA, was to provide analytical methods that could be used to determine

the effectiveness of the decontamination process to be evaluated. After the
initiation of the program, there was a programmatic change that resulted in
two significant alterations of Subtask 3 objectives. The major modification
was the deemphasis of the certification testing that was originally proposed.
The objective to verify methods for sampling and analysis of HO in building
material matrices encountered in an existing structure was altered to
verification of methods for sampling and analysis of HO in selected building
materials used in the construction of a pilot test facility. Thus the major
objective for this task became to affirm that coupons prepared from various
materials and spiked with HD would indeed yield verifiable and quantifiable
results.

The verification effort required two phases of experimentat-.on:
verification that existing published analytical methods, when available, were
operationally sound, and development and verification of new sampling methods
where no existing methods could be identified. This process was followed for

both analytical and sampling techniques for HO contaminated painted and
unpainted concrete, mild steel, and soils.

Experiments were conducted for determining the recovery efficiency of the
methods using known spiked concentrations of HD from concrete, metal surfaces,
and soils. A report documenting methods development and standard operating
procedures for sampling and anaiysis of HO contaminated materials was
completed prior to the initiation of the pilot testing (see Appendix B). The
methods verified were for ,the following,
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¶U1. Solvent extraction method for HD from pulverized concrete.
2. Sampling procedure for the generation of pulverized concrete samples

via drilling solid concrete structures.

3. Analytical screening technique for the detection of HD on the
surface of unpainted concrete and steel.

1 4. Analytical technique for removal of HD from painted steel surfaces.

5. Solvent extraction method for HD in soil.

The method verification testing was conducted at both the Battelle
facility and the Dugway Proving Ground facilities yielding the results in
Table 8-1. The method for calculating the Theoretical Detection Limit is
detailed in Appendix B.

The results of the method verification experiments for assessing the
effectiveness of the hot gas decontamination process imply that the sampling
and analytical techniques evaluated can detect HD from pulverized concrete,
the surface of painted or unpainted concrete and steel, and in soils. The
results of the sampling process developed for the collection of pulverized
concrete samples at depth (see Appendix B) does not destroy HO as it samples.
The methods for extracting HO from pulverized concrete or soil are suitable
for quantitative analysis.

The results of surface swab techniques indicates that these methods are
suitable only as a screening method to determine if RD is present on a
surface. The results of the swab experiments indicate a large discrepancy in
the recovery data. This discrepancy was determined to be the result of
changes in the length of time after exposure to HD. The initial experiments
conducted by Dugway were performed with a minimum length of time between
exposure and swab. This was determined not to be representative of test
conditions and the recovery experiments were repeated using an approximately

SI
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30 minute exposure period and results agreed well with the studies conducted

at Battelle.
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TABLE 8-1. RESULTS OF METHOD VERIFICATION STUDIES.

Method Battelle Duqway #1 Duqway #2 TDL

I Pulverized Concrete 95% 91% 90% & 95% .5•g/g concrete
Extraction

SSoil Extraction 96% 75% .7 Aug/g soil

i Concrete Swab 4.2% 67% 8% 10 mg/in 2

Painted Concrete Swab 100% 29% 2.76 mg/in 2

_ Steel, Swab 100% 80% 1.0 mg/in 2

4 Painted Steel Swab 80% 96% 69% 1.2 mg/in 2

Recovery From Painted Concrete Surface
TDL Theoretical Detection Limit

tX
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8.4.2 .esults of the Post Test Samples

No HD was detected above the theoretical detection limits in any sample

subjected to the hot gas decontamination process.
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9.0 PILOT TEST ENVIRONMENTAL AND SAFETY REOUIREMENTS

The decision to conduct the pilot test at DPG in an environmentally

controlled test chamber eliminated the need for obtaining environmental

permits. It was possible to run the exhaust stream through a charcoal filter

system, which controlled the release of possible pollutants to the atmosphere

and eliminated the need for an afterburner.

Amy safety regulatiokis relevant to the pilot test at DPG were

identified, -collected and reviewed. Since DPG personnel actually ran the

pilot test, DPG was responsible for on site safety during the spiking

operation and the test operation. DPG policies and other applicable safety

and surety regulations were followed by all participants.

Bz
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10.0 CONCLUSIONS

The following conclusions from the pilot test results may be drawn:

1. The hot gas decontamination process, as demonstrated in this
first large-scale pilot scale test, effectively removes
chemical agent HO from painted and unpainted concrete and
painted and unpainted steel. Low concentrations of HD that have
been absorbed into concrete decrease to levels below
theoretical detection limits available by the best available
"technology (500 ppb, see below) when subjected to the hot gas
process. Use of the hot gas decontamination process initially
results in the release of measurable concentrations of agent
in the purge gas exhaust stream. The agent concentration
decreases to below detectable levels as the process is
continued.

2. The engineering aspects of implementing the hot gas system are
well defined. Beyond site-specific modificatigns, no major
changes to the hot gas burner system or .etup are needed to
make the design field-ready.

3. The laboratory methods verification study shows that the
methods for extracting HD from puDlosv+ed concrete and soils
work well and give verifiable, -,,..-ititative results. The
theoretical. detection limit for ttis method is approximately
0.5 ug of tDi/9 concrete or soil, or about 500 ppb.

4. Sampling concrete in the field tq depths rf" about two inches
from the surface is possible by pulverizinq the concrete with
an electric drill and collecting the fines for analysis. This
method is appropriate for collecting samples of up to 10 grams
of concrete.

7 :.A
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* 5. Sampling the surfaces of unpainted and painted steel and

concrete is possible by wiping a cotton swab on the surface and

extracting the swab with solvent. However, this method is

strictly a screening technique and should not be used for

* quantitative purposes because the recovery of HD is not

statistically verifiable.

6. The hot gas process did not cause visible structural damage to

* a small concrete and steel building in which the gas

temperature was held at 750°F for 19 hours, and the wall

temperatures exceeded 300OF for one hour. However, no

structural testing was conducted. Paint remains intact on

concrete surfaces, but chalks and flakes off the steel

surfaces.
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11.0 RECOMMENDATIONS

This study of a hot gas decontamination process is the first time that
building materials were heated while effluent HD was sampled and analyzed.
The study was successful and, as would be expected, many lessons were learned
that will be useful in making subsequent work in this area niore effective. The
nature of the results and conclusions as well as the practical experience
gained from this study suggest some recommendations for future activities and
further research.

During the pilot study large amounts of water were released from the
concrete as it was heated. To avoid air sampling complications, future
efforts should utilize specialized stack sampling apparatus designed for ACAtS
application to furnace exhaust stacks. Off-gas sampling by solid sorbent
technology should also be used in future testing.

In order for the hot gas decontamination technology to be used with a
high rate of confidence, a sampling protocol will have to be developed that
will reliably demonstrate the complete removal of agent from real buildings.
Because of the fact that no residual agent concentration criteria exist for 5x
decontamination, the limits eventually decided upon will undoubtodly be based
upon the analytical capabilities developed to detect these residuals.

I
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The ability to sample and analyze contaminated (or uncontaminated) bui'ding
materials adequately needs to be developed aad refined during the next phase
of the program in order for the technology to gain credibility.
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APPENDIX A

"SUBTASK 2 - DESIGN REVIEW



SUBTASK II REPORT

* DESIGN REVIEW

* INTRODUCTION

The purpose of this subtask was to review the Report of Phase
II of this effort as it relates to thermal decontamination of structures,
particularly Appendix VI in Report AMX-TE-TR-85012. As part of this
review, a tentative design was prepared for 'he equipment needed for
the tests on building decontamination. The tentative design used the
generic information in the Phase II and converts it into a specific
design for the present program.

This subtask report was prepared early in the program and
is intended to provide interface information to the other subtask4 leaders.

In the present program a small room will be built and
* contaminated with mustard. The hot gas concept will then be used to

decontaminate the building. The test will be performed in the Defensive
Testing Center at Dugway Proving Grounds.

The major difference in the decontamination requirements
of this test and the generic buildings described in the previous report
is that the size of the building to be decontaminated in this test
is much smaller than the buildings listed in the report. Because of
the smaller size, the heating rate of the building can be much faster
than the rates suggested in the Phase II report.

DESIGN REVIEW

Combustion Systems

The combustion systems recommended in the report are acceptable
and adequate for the generic buildings they weýre designed to

SN
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decontaminate. The design did not address the needs for controls on

the burners or for heat distribution within the building, important

items for a specific design but beyond the scope of the Phase II design.

Temperature Limit

The maximum heating of the building was not addressed, nor

was the rate of heating. Other parts of the report indicated concrete

was not seriously damaged when heated to temperatures below 7500 F.

Overheating of the concrete could make the building unusable or in

some cases, dangerous to enter following decontamination.

Heating Rate

Various parts of the building will heat at different rates.

Thin walls and equipment within the building will heat to the gas

temperature rapidly. The outside of thick walls and the floor may

take days to heat to decontamination temperature. The Phase II report

did not address iathrdr of preventing overheating of parts of the

building while other parts were still below decontamination temperature.

Afterburner

The afterburner design parameters have been standardized

for agent destruction (2 seconds at 2,000°F) and the Phase II reportI
follows these standards.

An afterburner is not required for the proposed experiments

because the DTC at Dugway prevents agent release to the environment

by the use of carbon filters.

Hot Gas Cooling

In the Phase II report, the three variations of the hot gas

concept shown in Figure 1 were evaluated. The quencher concept, Figure

IC, was selected because it provided for redundant agent capture. The
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cost differences among the three methods were less than the probable

errors in the estimating techniques.

An afterburner will be needed when the hot gas decontamination

method is used in the field. The hot gas from the afterburner requires

cooling because an induced draft fan is necessary (for safety reasons)

to maintain a negative pressure on the building being treated. as well

as on the afterburner. Fans that operate at temperatures aver about

600°F are very expensive. Therefore, the flue gas must be cooled below

6007F before it flows into the induced draft fan. The Phase II report

evaluated three methods of cooling the flue gas: quencheir cooling,

/ diluent air cooling, and heat tchanqer cooling.. The quencher method

of cooling was recomme,"ded. However, in this review, we reevaluated

these three methods and found thiat dilution air is to be preferred.

Dilution air is the simplest method and requires minimum capital cost.

It requires the least equipmernt and it could be moved with minimum

difficulty. Since the decontamination, equipment will probably be moved

to each building to be contaminated, portability is a major adi',intage.

The quencher requires somewhat more equipment and also requires disposal

of a liquid waste stream. Disposal of a liquid waste may be * problem

at some sites and was not considered in the Piwase II analysis. The

heat exchange method of cooling requires considerably more _equipmefit

than air dilution cooling and, therefore, is rejected in this

application. The preferred cooling method is application specific

and this recommendation for air dilution cooling should not be

extrapolated to other applications. The dilution air method of cooling

0T• is not usually preferred in applications where long term continuous

operation is expected or in applications where equipment other than

a low pressure induced draft fan is downstream of the cooler.

DESCRIPTION OF DEFENSIVE T7T CENTER

A structure built for the test will be decontaminated at
Dugway Proving Ground in the Defensive Test Center (DTC). The DTC

is in a remote area at least a mile from other structures. The DTC
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is a building with inside dimensions of about 25 feet wide, 50 feet

long and 20 feet high. A door at one end opens the full 25 feet and

is 19 feet high. The entire building is lined with stainless steel.
Allowable floor loading is not available. The floor is on grade and

is stainless steel over concrete. Concrete floors on grade typically

Shave an allowable loading of 650 pounds per square foot. The walls

are stainless steel on the inside and galvanized steel on the outside.

Six inches of foam (polystyrene) insulation separates the two walls.

The building is ventilated through HEPA-carbon filter systems

in both the inlet and outlet. The outlet has a nominal capacity of

6,000 cfm and the inlet, 4,000 cfm. A control system balances the

flow to maintain a predetermined negative pressure. The inlet filter

is to prevent agent from escaping in the case of oower failure. The

inlet air can be temperature controlled between -40'F and +160'F. A

V 60 ton air conditioner is used to cool the building. Electricity is

used for heating. In addition, a venturi scrubber can be used to remove

agent from the chamber. Dugway personnel could not provide6 information

on the flow rate. However, 12-inch ducting and a 4x9-inch venturi
throat would indicate a flow of about 5,NDO cfm. The exl~aust is returned

to the test chamber.

Rooms adjacent to the main roorm, are used for equipment and
controls. Many electrical and theri'ocouple leads penetrate the wall

between the test chamber and the control oom. The contoi room contains

Sa computer used largely for data recording. Agent monitors \RTM znd

Mordns) could be placed in this room.

The 500 KW power used by the test facility is supplied by

a long power line. Two 100 KW portabie generators are u~ed a- backup.
Since we will not require refrigeration, additional generators probably

0 qlill not be required.

Water is trucked to the site. Agent contaminated water muct

be trucked to CAMOS for incineration. Other water can be treated by

Dugway and discharged.

* Fuel is not available. Presumably, a tanker loaded witi(

propane will be brought to the site and used during the test.
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The elevation at Dugway is about 5,000 feet. Therefore,

all gas flow calculations will require pressure correction.

Since Dugway will perform all operations using agent, Battelle

personnel should not require protection; however, Dugway can furnish

masks and clothing. Dugway's regulation on mustard is that if the

concentration in air is less than 0.003 mg per cubic meter, the area

can be entered without protection. If the concentration is between

0.003 and 0.5 mg per cubic meter, the area can be entered in Level
A clothing. The time of entry is limited by heat stress rather than

agent. If the concentration is above 0.5 mg per cubic meter, entry

is prohibited. These limits may effect the method of contaminating

our test structure.

Once the test structure is contaminated, it will have to

be heated to 1,000*F to be 5X decontamined.

Dugway has a chemical lab and has capability for sampling

and analysis.

SERVICES REQUIRED

The major services required are electricity, fuel, compressed

air and water.

The electric service is required during operation for the

burner blower, for ignition of the burner and for controls. A 1 1/2

HP motor probably will be specified for the blower. The controls should

take less than 5 KW. Construction will require welding and, therefore,

about a 10 KW power source. The DTC building is equipped with a 500

KW source. During these tests the DTC equipment is expected to use

less than 100 KW so no additional power should be required.
A fuel source is required to supply up to 25 lb/hr of propane.

The total usage is expected to be about 500 pounds. However, 1,000

pounds should be on site at the beginning of a test unless a method

of rapid resupply is available.

Compressed air is required for instrumentation. About 10

cfm at 100 PSI is required. If an instrument air supply is not available
at the DTC, a supply can be purchased for about $3,000 or perhaps rented.
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Water is required for the venturi. About 100 pounds/hour

will be evaporated during the test. In addition, an initial charge

for the venturi system of several hundred gallons will be required.

TENTATIVE DESIGN

Two major items are required for the project, a building

to be contaminated, and a method for decontaminating the building.

VU Building

The proposed structure is a 10-x 10-x 8-foot building with

a steel door frame in one wall as sketched in Figure 2. Each wall

of the building will be made of a different material, one of 12-inch

thick concrete, one of solid cement block, one of hollow cement block,

and one of 1/4-inch steel plate. The floor will be one-half 12-inch

thick concrete and one-half 6-inch thick concrete. The entire structure

will be mounted on a sand base. The top of the sand and the building

floor will be 2 feet above the floor of the DTC. A steel door frame

will be built into one of the concrete block walls. Penetrations for

heating, cooling, and room exhaust will be through the steel wall or

ceiling. The entire structure will be insulated with high temperature

fiberglass insulation of at least a R-10 rating. Thermocouples for

measuring heating rates will be located at a later design stage.

Heater Design

Figure 3 is a sketch of the floor and controls needed for

heating the room. The inlet and outlet filters, as well as the venturi

are part of the DTC. rhe room heater is a burner mounted on the wall

of the test chamber. A high velocity nozzle is selected to stir the

air in the room eliminating the need for heat distribution baffles.

A thermocouple in the room actuates a control to modulate the fuel

flow to the burner. A constant air flow to the burner will be used.

The burner maximum capacity will be in the 500,000 Btu/hr range. Its
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FIGURE 2. SKETCH OF TEST STRUCTURE
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minimum capacity will be in the 100,000 Btu/hr range. In operation

the temperature control setpoint will be ramped up to 750°F at a rate

(10 0 *F per hour) which should not damage .* concrete and then controlled

at 750°F until the outside walls and floor of the building reach 3000F.

A 300°F temperature will be maintained for one hour and then the burner

will be turned off. A damper to allow cool air to enter the test

structure will be opened and the building cooled. The damper will

be sized to allow about 1,000 cfm to enter the chamber, but the flow

will not be otherwise controlled.

The major design parameters are:

Burner rating - 500,000 Btu/hr

Burner Gas Velocity - 500 ft/min at rating

Burner Excess Air - Skoichiometric at
max fire

Building Pressure - 0.2 in. negative

Propane - minimum 1000 lb
on site

Cooling Air - 1,000 cfm

Max Room Temperature - 750OF

Min Outside Wall Temperature - 300*F

The only design parameter that is critical is the 300OF on

the outside wall. a temperature which must be maintained for one hour

¶ to assure decontamination, Most of the other parameters can vary by

25 to 50 percent without affecting equipment performance or test results.

Gas Cooler Desiqn

" - The gas from the test chamber will be at 750*F. too hot for

the fan in the venturi scrubber. However, for efficient operation

Sthe venturi needs a high air velocity and. therefore, a high flow rate.

The air required for efficient venturi operation is much greater than

needed for cooling. The dilution air will be controlled by a barometric

damoer which will be adjusted to maintain a negative pressure in the

"test chamber.

lliI Iw
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Equipment with Long Lead Time

The equipment required is all conventional and should be

close to off-the-shelf. The major time required is expected to be

for assembly and checkout. The concrete and mortar in the building

should cure for at least 30 days with 90 days preferred.

WASTES GENERATED

The major waste generated will be the building following

the test. While it is not expected to be contaminated, present rules

require that it be heated to 1,000OF to assure agent destruction. This
4 will not be done during the test. For decontamination it should be

heated to 1,000'F and then buried. The structure will weigh about

30-40 tons. The outlet filters on the DTC may need changing following

the tests.

4• Waste water will be generated in the venturi scrubber, from

building washdown if needed and from personnel decontamination. The

quantity generated shQuld be small and base disposal should handle
it."

The vaste from sampling should also be ýmall and it should

be disposable at Buyway.

DATA RE•OUIRMENTS

SThe operating data requirements are of several types: control

data, datA to determine that the equipment is operating satisfactorily,

A and data to correlate with agent removal from the structure. These

data will be teuperature, pressure, and agent concentration data, Table

7M I, lists temperature data required. Table 2 lists pressure data required.
Table 3 lists flow data required. Table 4 lists agent concentration

data required. Table 5 lists miscellaneous data. These data are not

expected to change rapidly. If recorded manually they should be taken

hourly. If computer recorded, they should be taken at about 10 minute



A- 12

TABLE 1. TEMPERATURE DATA REQUIRED

Location Function

Inside Room Control Burner
Inside Concrete Wall Agent Removal

Middle Concrete Wall Agent Removal

Outside Concrete Wall End Test

Inside Solid Block Wall Agent Removal

Middle Solid Block Wall Agent Removal

Outside Solid Block Wall Agent Removal

Inside Hollow Block Wall Agent Removal

Middle Hollow Block Wall Agent Removal

Outside Hollow Block Wall Agent Removal

Steel "WI! Agent Removal

Steel Ceiling Agent Removal
Inside 6-inch Floor Agent Removal
Outside 6-inch Floor Agent Removal

Inside 12-inch Floor Agent Removal

niddle 12-inch Floor Agent Removal

Outs.de 12-inch Floor Agent Removal

Bottom Sand Agent Removal
DTC Room Flow Calculations

Duct from Test Room Flov Calculations

Duct to Scrubber Flow Calculation5

Duct from Scrubber Flow Calculations
-,4l (- , - - • • 1 1 , I "i 1 [ , l . • .. . . .
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TABLE 2. PRESSURE DATA REQUIRED

* •Barometric Pressure

Pressure in DTC
Pressure in Test Rczvm

Pressure in Blower Fan Outlet

Pressure in Propane Tank

Pressure in Venturi Blower Outlet
Pressure Drop DTC Inlet Filter

Pressure Drop OTC Outlet Filter

0
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TABLE 3. FLOW DATA

Air - Burner Blower

Propane - Burner Blower

Air - From Test Chamber
Air - Cooling--To Test Chamber

TABLE 4. AGENT CONCENTRATION

Test Chariber - Gas Outlet

DTC Room

4

TABLE 5. MISCELLANEOUS DATA

SWeight - Propane in lank

Level - Fluid in Venturi Storage Tank

A
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intervals. Data on propane level, venturi water level, test chamber

temperature, and OTC pressure should be manually recorded to assure

that the operators are monitoring the process.

HEAT TRANSFER ANALYSIS

The heat transfer analysis was made on a preliminary basis

to determine the equilibrium temperature in the walls and floor and

to determine the time needed to heat the outside of the walls And floer

to above 300 0F. In each case the gas temperature in the r:on is assumed

to be controlled at 750°F, a temperature limit impcsed br.cause higher

temperatures significantly damage the concrete. In addition it is

assumed that the outside of the sand under the building and the air

in the DTC are maintained at 80F. The gas-solid heat transfer

coefficient is assumed 3.0 Btu/hr ft2°F both inside and out.id& of
the building. The insulation is assumed to have a R-10 valve.

Equiliibri um Temperatures

Table 6 lists the equilibrium temoeratures in the structure.

Transient Temperature

Table 7 lists the time required for the entire wall or floor

to reach 300*F. The time required to heat the outside of the wall

to 300'F was estimated using a Ifottel chart. This method assuirks the

insulation has zero conductivity. The teVperature on the outside of

the fleor was estimated using a Gurney-Lurie chart and assuming the

sand has the same properties as con-rrete. This assumption shnuld result

in a time to heat the floor longer than actually required.

As seen from the Table 7, heating the floor takes longer

than any other surface. In addition, the time to heat i; sensitive

to the soil underneath it. If the soil has a high thermal conductivity
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TABLE 6. EQUILIBRIUM TEMPERATURE IN STRUCTURE, OF

Inside Outside Outside
Gas Wall Wall Insulation

Cei'ing 750 730 730 100

Steel Wall 750 730 730 100

Concrete 1.;I 1 750 733 606 97

Solid Llock Wall 750 732 641 98

;Iollow Bloc% Wall 750 732 626 98

Floor, 12-inch 750 722 415 3O

TABLE 7. TIME REQUIRED TO HEAT OUTSIDE
OF STRUCTURE TO 300OF

Surface Time, hr.

Steel Ceiling 0.25

Steel Wall 0.25

12-inch Concrete Wall 16

8-inch Concrete Block Wall 8

Hollow Concrete Block Wall 2

12-inch Floor 56
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typical of wet soils, the floor may never reach temperature. If the
soil is a good thermal insulator, the floor could reach temperature

in less than 24 hours.

Burner Duty

The heat required of the burner is the sum of the heat lost

through the test structure walls and in the flue gas from the building.

Assuming 150 SCFM of flue gas is exhausted, the heat in the flue gas

is about 115,000 Btu/hr. This allows for 40 SCFM of inleakage air.
The building must be very tight to limit the inleakage to 40 SCFM.
Each additional SCFM of inleakage will increase the heat required by

about 750 Btu/hr. At equilibrium, the heat loss through the building

is about 30,000 Btu/hr. The heat stored in the building is about

4,000,000 Btu. To heat the structure in about 12 hours, a 500,000
Btu/hr burner is required.

Afterburner

The afte'rburner shown in the Phase i1 design is not needed

because of the venturi and carbon filter agent removal system built
into the DTC. lhe maximum burner output is 500,000 Btu/hr. With 4,000

cfm ventilation this heat input would result in a temperature rise
Sof about IOOF in the DTC. An afterburner would be needed if the heat
release into the DTC caused excessive heating of the OTC. The OTC

* has a 60 ton air conditioner which could be used for cooling if needed.

For the type of test needed, a heat releasQ of about 1,.000.000 Btu

per hour could be tolerated when using the air conditioner or about

)300,000 Btu/hr without the air conditioner. For greater heat releases
* an afterburner would be required and the exhaust from the afterburner

"would be exhausted directly to outside of the OTC.

Venturi

Because of the wet venturi scrubber, water will evaporate
and the temperature should not rise more than 10-20°F with a 500.000
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Btu/hr input. Also during the heating cycle only about 150,000 Btu/hr

is released into the room and the rest of the energy goes into heating

the test structure. This heat release should be completely controlled

by evaporative cooling in the venturi. At the start of the cooling

cycle the heat release is on the order of 500,000 Btu/hr. This heat

release rate would last for less than an hour. During this part of

the cycle, the DTC temperature would rise, or if desired, it could

be controlled using the DTC refrigeration system.
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INTnDUCTIONA

Since World War II, the U.S. Army has been involved with the
production, testing, and demilitarization of chemical agents. As
a result of these activities, Government facilities including a
variety of process equipment and permanent structures were
contaminated with Chemical Surety Materiel (CSM). When the U.S.
Army stopped production of chemical agents, these facilities were
decontaminated using existing technology and put on an inactive
status. These structures are presently candidates for excessing
actions. This technical report discusses the experimental

approach followed to develop analytical procedures to sample
structures that have been contaminated during previous agentactivities. The experimental process was conducted as five
individual subtasks. These subtasks were:

* Method development of a solvent extraction process
for HD in pulverized concrete.

M Method development of an analytical procedure for HID
in a solid concrete matrix.

* Method development of an analytical technique for
the removal of HD from concrete surfaces.

4 MethAi& levelopment of an analytical technique for
the removal of HD on painted steel surfaces.

* Method development of a solvent extraction process
for HD in soil.

A series of tests were designed within each subtask to evaluate
the method of sampling and the proposed analytical mtct1od to be
daveloped. The data enclosed were generated using t',e
experimental approach described in each subtask and are the
validation data for each of the proposed test methods.In addition to validation data for the analytical methods,

the method of sampling used in the laboratory is discussed to
provide a basis for the development of the actual field sampling
methods. The sampling methods evaluated in the laboratory were
designed so they could be readily adapted to field sampling with
little or no modification. In addition, the sampling methods
were selected in anticipation of the types of samples necessary
for the documentation of the decontamination process testing to
be conducted at Dugway Proving Ground. The testing to be
conducted at Dugway will involve sampling of a structure designed
to evaluate the hot-gas decontamination process.

this study was performed for the B. S. Army Toxic and
Ba-ardous Materials Agency under contract No. fD6AA5-86-D-O001.



The objective of this study was to develop and test
analytical methods to be used in conjunction with surface and
subsurface sampling methods of concrete, surface sampling methods
of painted metal, and solvent extraction methods for RD within
soil. The analytical procedures developed were designed so they
could be used to perform an evaluation of the hot-gas
decontamination process for HD at Dugway Proving Ground.

The experimental effort, described within this technical
report, was performed using laboratory-scale operations and neat
RD as the testing CSM. The effort was conducted to determine the
analytical recovery of the methods for SD under similar sampling
conditions as those anticipated for field use and to examine
sampling and analysis artifacts that could present a problem in
the analysis of these collected samples. The recovery for each
method was evaluated on a minimum of two days and the data
combined to establish a method recovery and theoretical detection
limit. The analytical instrumentation used for these tests was
calibrated daily using the cbhromatographic conditions given in
Table 1.

Table 1. Gas Chromatographic Conditions for SD Analyais

Gas Chromatograph: Hewlett Packard Model 5880A
Detector: Flame Photometric Detector equipped with a

393 nn filter for sulfur analysiz
Column: SE-54 25 a fused silica column X 0.22 im I.D.

2 um film thickness
Carrier Gas: Helium

Carrier Velocity: 28 cm/min.
Temperature Program: 50 C to 150 C programed at 16 C/mma.

Injector Temp.: 200 C
Detector Temp.: 200 C

Transfer Line Temp.: 200 C
Injection Volume: 2 uL, splitless injection

A The experimeuntal protocols followed are attached In appendix
A. give specific details followed for each experiment. A su
of each e.ffrt is presented in the following sections.
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1. Method Development of a Solvent Rxtraction Process for .D in
.ulverized Congret§

The objective of the initial experiment performed was to
evaluate the feasibility of using an organic solvent to extract
HD from concrete. The concrete was pulverized for two reasons,
one to simulate the samples generated by drilling, and second to
facilitate the extraction process by increasing the extraction
surface area. The concrete was pulverized, using an grinding
mill, to a particle size that would pass through a #4 standard
sieve (600 uH). Individual 10 g samples of the concrete were
weighed into 25 mL Erlenmeyer flasks with ground glass stoppers.
The weighed concrete samples were spiked with a 0.1 mg/g loading
of lID. The spiked samples were mixed for approximately 15
seconds by shaking and permittzd to stand for 10 minutes before
being extracted. To extract the samples, a 5 dL aliquot of
chloroform was added to each flask and the flasks were again

#1 shaken by hand for 15 seconds. The samples were then permitted
to stand for 10 minutes. After the 10-minute extraction period,
a 2 mL aliquot of the hexane extract was removed, filtered, and
placed in a GC vial for analysis. The samples were analyzed by
GC/flame photometry using the conditions listed in Table I.
These experiments were conducted over a four-day period. The
experiment on each of the four days consisted of a sample set of
five spiked concrete replicates, a single blank concrete sample.
and a recovery sample. The recovery sample was prepared by
spikiag I mg ELD in 5 mL chloroform.

2..ethqdDevloment. of nn An-al •is. praceduI_ e for lIDIn or on,
S..... olld Cuncrete

The second experimental effort was conducted following
validation of the p-evioua effort. This effort determine whether
HID could be detected in contaninate6 concrete by a sampling and
sample analysis proce~t. Data collected indicate that HD is a
persistent chemical agent and mny be captured inside concrete
structures contaminatnd by military operations. The experimental
effort develtd a procedure- to permit sampling of solid

* structures icr the presence of residual UD, A masor
consideration for the sampling effort conducted in the laboratory

Swad to develop a method that could be readily transferred to the
field. The sccond con.sideration was that the mampling procedures
examined produce a minimum aouit of dust during the Oampling
process. This is a necessary requirement to ensure safety of the

9. sampling personuel and to prevezt the spread of Possible
contamina*ion. A third couside-ration was to rinizize the a=ount
of structure dismamtliag or destruction neded iu order to
collcct samples. A fourth consideration was to develop a
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'procedure that delivered the concrete in a pulverized state read

Pfor extraction so additional sample preparation was not needed.

After considering the possible sampling alternatives, the
- decision to use a drilling technique was made based upon previous

success using this technique for other compounds, and because the
sampling technique satisfied the above considerations. The
decision was made to-use a 1/4 inch masonry drill bit instead of
a larger one to reduce heat caused by drilling. The reduction in
sample size generated due to the smaller drill size was resolved
by making multiple samplings to collect enough concrete sample

Sfor extraction. The smaller drill size was selected due to a
concern that the heat generated while using a larger drill may
decompose the HD during the sampling process.

The laboratory concrete coupons were prepared using Portland
cement as a I inch thick, 5 X 5 inch square coupon. The concrete
samples were marked with a 1 inch square in the center of the 5 X
5 inch coupons prior tc spiking. The 1 inch square area was then
spiked with 63.5 mEg (50 uL) of neat lID and allowed to stand for
30 minutes. The spiked coupons were then placed in a lucite box
to prevent the drillings from being entrained in the fume hood
exhaust. The marked sample area was then drilled in five
different locations to a 1/4 inch depth using a drill press. The
concrete drillings were collected by tapping the side of the

-T lucite box and transferred to a 4-dram vial containing 10 mL of
chloroform as the extraction solvent. The samples were shaken

A for at least 15 seconds to facilitate the extraction and allowed
to stand for 10 minutes.

After the extraction period, a 1.5 mL of the sample extract
was transferred to a GC vial for analysis, Asing the conditions
described in Table 1. The sample vials were left open in a hood
to permit evaporation of the hexase so that a concrete sample
weight could be taken. The weight of the concrete dust collected
was used to caltulate the average HD contamination level in the
sample%. The effort was conducted on two separate days with five
spiked replicates per day. In addition to the five spiked
samples, five blank concrete samples were also precessed to
determine whether interferences wauld pone an analysis problem.
A recovery sample vas also prepared by spiking UUD in hexanue (on
1/4 the volume spiked on the coupon (12.5 ul) was uzed because
only 1i4 the total 3piked surface was extracted).

.•?• of HI) from .the .Surface of Concrete

This experiment provided a merthod for removing and dcti.cting
residual HD on concrete surfaces by a non-invasive tecvuique.
The samplilg method employed was a surface swab technique
followed by GC analysis. rhe suwab method has been uccessfully
used as a screening =ethod to evaluate surface contamination of
other compourds and provides an excellent field testing 7ethod.

STo perform thin task, a series of 5 X 5 inch square concrete
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coupons were spiked with 95 mg ( 75 uL ) of HD divided into 16
equally spaced drops of neat agent. The coupons were immediately
swabbed in two perpendicular directions, using a single 2 X 2
inch square cottou gauze pad which had been previously extracted
using a soxhlet extractor with hexane as the solvent. The
cleaned gauze pad was saturated with hexane prior to swabbing the
coupon surface. The gauze was handled by forceps during all of
the sampling steps to prevent contamination after the solvent
extraction clean-up of the gauze pads.

After the swabbing process was completed, the gauze pad was
placed into 10 mL of hexane in a 4-dram vial. The vial was
shaken to facilitate the extraction of the cotton swab. An
aliquot was removed from the 10 mL extraction volume and placed
into a GC vial for analysis, using conditions described in Table
1. This process was repeated on two days with five replicates
per day of spiked coupons. In addition to the spiked coupons,
five recovery samples were generated by spiking 95 mg of neat RD
into a 4-dram vial containing 10 mL of hexane. Five swab blanks
were also analyzed to determine whether interferences would pose
an analytical problem. flanks were generated by swabbing and
analyzing a non-spiked concrete coupon as describe above for the
spiked samples.

4. Method Develonarnt of an Aalytical Technique for Remoyal of
HD from Painted Steel SurfIace

This method provided a means for removing and detecting
residual UD on painted metal surfaces. The sampling method
employed was a surface swab technique followed by GC analysis.
As previously stated, the swab method has been successfully used
as a screening method to evaluate surface contamination of other
coapounds and provides a proven field sampling method. To
perform this task, 5 X 5 inch square painted metal ceupoun were
spiked with !6 equally spaced drops of neat agent. The coupons
were swabbed in two perpendicular directions, using a single 2 X
2 inch square cotton gauze pad which was previously extracted
using a soxhlet extractor with hexane as the solvent, The
cleaned gauze pad van soaked in hexane prior to swabbing the
coupon surface. The gauze wan handled by forceps to prevent
contamination after the cletn-up extraction of the gauze pad.

After the swabbing process, the gauze was placed into 10 aL
of hexaue contained in a 4-dram vial. The vial was shaken to
facilitate the extraction of the cotton swab. An aliquot was
removed from the sample extract and placed into a GC vial for I
analysis, usiug conditions described in Table 1. This process
was repeated on two days with five replicates of spiked coupons
per day. In additioa to the spiked coupons. five recovery
samples were generated by spiking 95 cg of neat RD into a 4-dra:

vial containing 10 =L of hexane. Five swab blanks were also
analyzed to determine if interferences would pose an analyltical
proablem. The blanks were generated by swabbing and analyzing a O

13
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non-spiked painted metal coupon as described above for the spiked
samples.

S5. Method Deelopment of a Solvent Extraction Process forHMD in

This experiment evaluated the feasibility of using an organic
solvent to extract HD from soil. The soil was pulverized using a
mortar and pestle to a homogeneous finely divided sample. The
soil was then passed through a #4 standard sieve to remove any
particles larger 600 uM. The sieved and blended soil was split
into individual 10 g samples and placed in 25 mL Erlenmeyer
flasks with ground glass stoppers. The soil was then spiked with
a 0.'. mg/g loading of HD. The spiked samples were mixed for
approximately 15 seconds by shaking and permitted to stand for 10
minutes before being extracted. To extract the samples, 5 mL of
chloroform was added to each flask and the flasks were shaken by
hand for 15 seconds. Samples were permitted to stand for 10
minutes prior to removing a 2 mL aliquot of the hexane extract.
The 2 mL aliquot was filtered and placed in a GC vial for
analysis. The samples were analyzed by GC/flame photometry using
the conditions listed in Table 1. The experiment was conducted
over a three-day period, using five spiked replicates, a single
blank sample, and a recovery sample. The recovery sample was
prepared by spiking 1 mg of neat HD in 5 mL of chloroform.

The results of the experiments described in the previous
section are presented in the following tables. The data for each
experiment include the daily experimental results, the average
(X), standard deviatiun (SD), and the calculated recovery for the
metYod. In addition to the calculated recovery, a theoretical
meuthod detection limit and method relative standard deviation (%
RSD) are also listed. The theoretical method detection limit
includes the method recovery and the instrumental detection limit
as indicated below:

Instrumental Detection Limit (IDL) 0.5 ug/mL by FPD

IDL ) X ( sample volume )
Theoretical Detection = ________________

Limit
( method % recovery ) x ( aa.pie wclv h

multiplied by 100 )
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The results of the solvent extrac'tion process for HD in
pulverized concrete (Method #1) are presented in Table 2. The
percent recovery compares the HD concrete sample recovery
(determined by using the extraction method and the measured
result) to the measured recovery of RD for an identical volume of
solvent in the absence of the concrete.

Table 2. Results of the Solvent Extraction Process for ED in
Pulverized Concrete

Sample Percent
Recovery

Concrete #1-6-18 96
Concrete #2-6-18 93 X= 92
Concrete 03-6-18 99 SD= 5.1
Concrete #4-6-18 88 XRSD= 5.5
Concrete #5-6-18 85
Concrete Blank'-6-:- DEL

Concrete #1-6-19 87
Concrete 02-6-19 86 X 90
Concrete 03-6-19 93 SD= 3.2
Concrete *4-6-19 89 RSD= 3.5
Concrete #5-6-19 94
Concrete Blank-6-19 BDL

Concrete 01-6-20 97 _
Concrete #2-6-20 100 X= 99
Concrete 93-6-20 99 SD= 1.2
Concrete 04-6-20 100 %RSD= 1.2
Concrete #5-6-20 100
Concrete Blank-6-20 BDL

Concrete 01-6-24 94
Concrete 02-6-24 99 X= 98

4 Concrete #3-6-24 98 SD= 2.2
Concrete 04-6-24 100 XMSD= 2.3

- Concrete #5-6-24 t00
Concrete Blank-6-24 BDL

MeT.Lthod Recovery = 95 Z Method • = 4.0

BDL = Below Detection Limit

Theoretical Method Detection Li.mit = 0.3 ug/g Concrete

Vr ,, - ,,V

_a

--



B-9

The results of the concrete drill sampling study (Method #2)

are presented in Table 3.

Table 3. Nassults of the Concrete Drill Sampling Study for HD

Sample Tot3l mg
Recovered Contamination level

( mg HD/concrete )
DS-1-REC0VV-Y 13

DS-1-7-28 14 5.4

S DG-2-7-28 11 X145.1
DS-3-7-28 10 SD= 4.3 3.4

DS-4-7-28 12 %RSD= 31 5.7

DS-5-7-28 22 106 % RECOVERY 9.0

DS-1-7-29 17 10
DS-2-7-29 9 X= 12 5.7_•-' `2 GD-- 2.8 9

DS-3-7-29 2 9.1

DS-4-7-29 10 %RSD= 22 4.0

DS-5-7-29 13 94 X RECOVERY 5.2

-. 6.3 me BD / H concrete

• DS-1-BLANK BDL
DS-2-BLAkK BDL
DS-3-BLANK BDL
DS.-4-BLANK BDL
DS- 5-BLANK BDL

Method Rzcovery = 100 X Method %HSD 29

BDL = Below Detectable Limit

Theoretical Method Detection Limit 5 ma/3q. inch of turtaoe

"i
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The results of the concrete swab sampling study Method #3 are
presented in Table 4.

Table 4. Resulta of the Concrete Swab Sampling Study

Sample Total mg
Recovered

SS-1-7-28 5
SS-2-7-28 8 ,. 5.4
SS-3-7-28 5 SD= 1.4 6 % RECOVERY
SS-4-7-28 4 %RSD= 25
SS-5-7-28 5

SS-1-7--29 3
SS-2-7-2S 4 X= 3
SS-3-7-29 2 SD= 0.89 3 % RECOVERY
SS-4-7-29 2 XRSD= 30
SS-5-7-29 4

SS-1--BLANW BDL
SS-2-BLANK BDL
SS-3-BLANK BDL
SS-4-BLANK BLi
SS-5-BLANK BDL

Method Recovery 4.2 X 1heto USI:= 40

BDL = Below Detectable Limit

Theoretical Method Detection Limit = 4.4 mg / sq. i.cch of surface

4-.

__S.

I
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The results of the painted steel swab sampling study Method
$$4 are presented in Table 5.

Table 5. Results of the Painted Steel Swab Sampling Study for ED

sample Total mg
Recovered

SPS-1 63
SPS-2 74 X= 71
SPS-3 79 SD- 6.8 75 % RECOVERY
SPS-4 62 %SD= 10
SPS-5 75

SPS-6 77
SPS-7 86 X= 82
SPS-8 84 SD= 3.3 86 X RECOVERY
SPS-9 83 %RSD= 4.0
SPS-10 79

SPS-Blank BDL
SPS-Blank BDL
SPS-Blank BDL
SPS-Blank BDL
SPS-Blank BDL

Method Recovery = 80 X Method ZRSD = 10

BDL = Below Detectable LUi.t

Theoretical Method Detection Limit 0.25 mg/3q. inch of surface



B-12

The results of the solvent extraction process for SID in soil
study Method #5 are presented in Table 6.

Table 6. Results of the Solvent Extraction Process for SD in Soil

Sample Percent Recovery

Soil 01-6-19 75
Soil #2-6-19 89 X= 88.2
Soil 03-6-19 95 SD= 6.9
Soil #4-6-19 93 XRSD= 7.8
Soil #5-6-19 89
Soil Blank-6-19 BDL

Soil 01-6-20 100
Soil #2-6-20 10o X= 100
Soil #3-6-20 100 SD= 0.0
Soil #4-6-20 100 XMSD= 0.0
Soil #5-6-20 100
Soil Blank-6-20 BDL

Soil #1-6-24 100
Soil 02-6-24 100 X= 99
Soil #3-6-24 100 SD= 1.5
Soil 04-6-24 99 •RSD 1.6
Soil #5-6-24 96
Soil Blank-6-24 BDL

Method Recovex7 96 % Method XSD 5.6

BDL = Below Detectable Limit

Theoretical Method Detection Limit = 0.5 ug/g Soil

The results of the solvent extraction processes for both
concrete and soil indicate that .0D can be quantitatively
extracted from these matrices and analyzed by gas chromatographic
techniques. The results presented in Table 2 indicate that an
expected recovery from concrete is 95 • at the 200 ug SD/g
concrete spike level and with a instrumental detection limit of
0.5 ug FID/mL hexane. It is expected that 0.3 ug HID/g concrete
could be detected using this method. In addition, the rercent
relative standard deviation over the four-day period of 4.0 %
indicates the method has suitable reproducibility for a

S
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quantitative analyses.
The results of the soil extraction presented in Table 6

indicate that a similar recovery of 96% is expected at a 200 ug
HD/g soil spike level. Using the same instrumental detection
limit of 0.5 ug HD/mL hexane, it is expected that a 0.5 ug HD/g
soil could be detected using this method. The soil extraction
method yields a slightly higher percent relative standard
deviation (5.6 %) but still within the acceptable 10 % level for
a GC method. Both of the above theoretical method detection
limits are based on a 10 g sample and 5 mL extraction volume.

The results of the concrete drilling experiments presented in
Table 3 indicate that a 100 % recovery is expected using this
method of analysis at a concrete contamination level of 63.5 mg
HD/sq. inch of surface area. The percent relative standard
deviation for this method was 29 %. This level of variability is
relatively high for a typical analytical method, however with the
involved spiking and sampling process the value is appropriate.
The method has been developed to determine if SD is present and
is expected to be suitable for this measurement. The theoretical
method detection limit was calculated as 5 mg/sq inch of surface,
assuming a 0.5 ug/mL Instrumental Detection Limit (IDL). The
validation data for weight of sample collected indicate the
average concentration level of HD found in the concrete
validation samples equalled 6.3 mg HD/g concrete. This
concentration level data ( g/g concrete ) may be more appropriate
for the field tests as the method of reporting the amount of HD
measured for a concrete sample during the analytical process.
The experimental approach of using a 1/4 inch masonry drill bit
was very successful and posed no problems in the laboratory
tests. The samples were easily handled and provided no
analytical problems using this method. The theoretical detection
limit for the drill dust concrete samples taken in the field
should be the same as that for the pulverized concrete study of 1
ug HD/g concrete sampled (wt./wt. measurement) since a similar
method recovery was observed.

The results of the concrete swab sampling study are presented
in Table 4. The data indicates a low recovery can be expected
from surface swab samples. These data verify that the concrete
is extremely porous and absorbs the CSM immediately upon spiking
the surface. The HD measured is that amount that did not
penetrate the concrete in approximately 5 minutes (the time
required for spiking). The test does show that, if RD is present
on the surface, the swab technique of sampling will remove at
least some of the RD from the surface for analysis. The blanks
s;i)Acd no interferences for this method and the method should
t, jsfer easily to the field for screening surface contamination
levels. Based upon the data collected, at least 4.4 mg/sq inch
must be present in a 5 X 5 sq inch sampling area to be detected
with an expected percent relative standard deviation of at least
40%. This high level of variation (40 % RSD) precludes this
method from being used as more than a screening method. The
cotton swabs used for the sampling must be pre-oxtracted by
soxhlet extraction prior to use to prevent interferences. The
method as used in the laboratory should transfer easily to the
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field for use as a screening method for HD contamination on
surfaces of concrete.

The results 161 the painted steel swab sampling study are
presented in Table 5. The data indicate a major increase in
recovery and reduced level of variability over the same technique
used on the porous concrete. This was expected since the metal
does not present the physical characttAstics of absorbtion
toward the CSM demonstrated by concrete. .L is expected that
painted concrete (to reduce the porosity) will present similar
recovery results. The swabbing of painted metal produced an 80 %
recovery and a lower theoretical detection limit of 0.25 mg/sq.
inch based on a 5 X 5 sq inch sampling surface. The percent
relative standard deviation of 10% RSD represents a much improved
method over that of the unpainted concrete samples. The
detection limit can be reduced further by increasing the surface
area swabbed. The analytical method presented no analytical
interferences and should be easily transferred to the field
"application.

CONCLUSION
wU

The methods evaluated for this study all appear field ready
and should be able to generate samples capable of assessing the
decontamination effectiveness of the hot-gas process. The
methods for extracting HD from concrete or soil are suitable for
quantitative validation. The surface swab techniques are more of
a screening method and can be used to detect residual agent on
machinery or building surfaces caused by spills or contamination
due to the demilitarization processes that were performed. It
should be noted that the BD contamination on untreated concrete
has probably penetrated below the surface and the drill technique
will prove to he a more feasible method of sampling. The drill
technique, although limited in depth in the laboratory, should
not present a problem in doing depth profiles through the
concrete. The 1/4 inch drill size does not present a heating
problem when 1/4 to 1/2 inch depths are drilled at appropriate
intervals. No observations were made during the laboratory
experiments that would prevent these methods from being used to
sample the designated facility at Dugway Proving Ground.

. p.



P-15 1

.1

APEDXA



B-16

Hazardous Materials Laboratory

HML SOP-20-099-01
July 1986
Page 1 of 9

Key words: HD
Gas Chromatography

Title: STANDARD OPERATING PROCEDURE
FOR ANALYSIS OF HD IN SOILS AND CONCRETE

(G-8875-0134)

Originated by*.- Data:~' FIX114p'

Approved byc_ _Date: AC

Approved by*i.j Qt'7-LAac Date:
Safetj O-f ier

Aporoved ty:__ ____ Date: AO0

~nage• c Mai--a. and Chemical
Scienzes Section

Approved by:Q.0 it4 t a.

Approved by: -- to -------- Data-.

U~iract~r cf Biologicaland Chemical Sciences '

Ciru•tin. Li.st:

HML

R*vord of Rev.ews:

Date Reviewed by Date Rvi ewed by

------------------------ -------------- ------- ---------------

------------------------ -------------- ------- ---------------
,p;



B-17

Hzardous Me.terials Laboratory
HML SOP-70-099-O0.
Julyi 19S6
Pace '6of 9

STANDARD OPERATING PROCEDURE

FOR ANIALYSISS OF HD IN SOILS AND CCNCRETE

I. Etsatserriet of Wcr~k

Sinc:e World War II, the U.S. Army h=-s been involved witt, tth=
pro~duction, testing , and demilita3rizaticn of chemical ag-iz

As restjt of these activitles, Gover-nment facilities including
a va.riet,' of pr~ocesS e.qLipmeoit and permanent structures were

c~tnntdwith GS~, %'X, and HD. Wher. teArm, stocpej
podu;:~t ior. of ch-r.i =&.' age.nts, these +ac.4 It.; we.e

Jecontainated on" put cn an in~active status and are cand ~dates
auc-assin; actions.

As- pa-t o4 th-is test prog-am, a method of on-sitar bu---ling
'jteý-ýal sampli:nu an~d CS!1 anally-mis must bGe developed ani1 testsd
t:Jete-mirs. the~ le--el cif decontam.narticn of the st'-uctvra and

the- s,.rr ani at ea.

. ~-resoc tests has teen desiar~ed -1z test a mtdo
kimo:inrq Ai r-4~er.e concrete cle.e 40h~lu~H.

Týhe smp.er; obtainaJ w 4& l thien 4e anatl':ed for residual HD.

The o~jectivQ of th'4s s--udy is -to detiplop a sam~pling and
analtica! mqthod tc dete'--nQin the presence o+ H'1 in solid
mari.ces such as :rncreta or soil after tnay havel been, fiel

di~dc-Jto allow ;cr p~ifcig-nt r.:tr~pctian. This SC Is for thce

t~ha I. ýucc.ý a 4 in al/ d Iv,,.ded c~oncret a or ~c~i Izamip la.

11. Mze-a ;;%dD

Pu. -.uaviz~c. Lecre:i. as requ~red
44 Gieve Size

:. F.J~v~jQt! sci 't arcrd

i~:ac (AC-3) , air requlrec
glass dstilled, reagent- %;rade

4. Chloroform (ACS)i as reqc*r-ed
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glass diatilled, reagent grade

5. Erlemmayer Flaske, A5 mL 12 each~
St h groLund-glass stopper

6. PavteLvr Pipets as required

7. Occ Auta-sample Vials as required

63. 4 Dram Vials a-, required

9. Drj.mm:)r.d Fositi-ve 1 a.
Di splacement Pi pet
0 - 25 uL, 0 -100 uL

~.Hamilton Syringe,
%tC L, 500~ uL.Zec

A! A. A ~~~ ~t as. requi:-p

4. sa:"tlon' IftA: as u4~red

15. Oistki1ed WO-tar as 1'euvtbrad

16. Acetone ~ar -et.,red

15. B#utyl k.bbeo' Apt-ins I/perezr.

0.17ihi1 .B''yl RubaJer G~oes as reu.%rox

.1 ~~/iLCotes as rw~iLree;

~.. crow~~~s as ru.g

~.Pyrex Ba~ing Dith as rgcquzrid

Z.4. WSIA PC-ttle COntaininj B14C as reuired

C-1itr ta'z--w P-jo-9aa r~~a
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B. Azrrtu_ Dssi.•n

The only test apparatus required for these testp are
the 25 w.L Erlenmeyer flasks and the balance. All work,

e;:cept analysis of the extract samples, will be cond.icted

within a fume hood.

• ~IV. Anal-vt'ical Techni gue

A Hewl ett PacP-rd Model 588%,A gas chromatograph or

equivxser.t, equi ,-pe. with either a Flame Fhltometric Detector

with the '3- nm window for sulfur or an Electrolytic Conductivity

roatectcr, and ar appropriate data system and printer and/or

plotter is required to perform this method.

A dait syrt*- 4 interfaced t= the SC to allow ecquisitinrn

c- tCe sicnal fron the detector for tke duraticn o4 t1~e
ch, o. tac apc:c pP og r -. The computer system is eq ipped with
sto-aos devicets ior sav'ing the data frov the GC runs. 0oMputar

Starei %S usa-ý to integrate the area ounder chrciiotrawp1,c
pealhs icr qat'cto.An aut3--Mtic Sampie •,n3.-2cta- anj it=

aýSscclatald data S''te=o allaw anrle.ded araQs~s ;f sata

SChro~C a•.gr aph~c Z .ond• ti ons;

Colm, I.• Um.1 n• 1.3 a,*tars

-5 Calmr.
C.ArrQAgr leI% ..
Flow- : M'. m/M' N

Colu.*n Tem-: approvimatelv 1C0-C

_ttn etr ep 33'

* Test Candtlzns 4ng !14'r

C=. -

D. E
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E. Test Matrix:

Day I

5 concrete samples spiked with
100 uL of 10 mg/ret ND solu-tion

1 concrete blank/no KD spike

5 soil samples spiked with
100 uL of 10 mg/ctL ND soluti.on

I soil btank'no. ND spike

* ~peat, Day I tests

Repeat day I tests

Th4 tc-Iowtng pracvaiure W&il be usei tn oo~tetn
e-traction s-.cicptav from both puiver-ize4 concrete an-4
5:uZvrtZed, qu011. Each da-;, 5 concrate and 5 -Mail sa~plea

'It~ be ruan, alonc .iwtr. lblaek of each mater-lai.

ThC tn~t will bje coeiductued by placing ZO g of
* ~ ~ ~ ~ ~ . RSvrLq "wcrt/~: trn a W renmevte-r i'ask. The

Ccncre-Qte s--o wý.lI t'-en be cflajanqer-ed wtth ~0 uL ci a I'
ctWrL ~<Soutl~an and thre flaSI' sheikgn by hand foe
stanc f.r t'm cnuts. Ater that~ will beralcd. d t=...

Sarrnac4eey seconces. AThe thatp wklt be allcwsd to
ch~crorc*- willI be added and the sample will 4~gain be shavenr
by -hand fce U.r~mae 5 seccnds. The sa~p~o wtlI thqn
be alt*a4eJ te stand icr InotU, 10 airnutes Falzn tPt
an al~tC,.:t o-f the eKtract wt: b-? wQhr~ frc t A *:Sl

ritre.and. plAcewd in a SC auta-sa~pini via!. i.he at:tratt
zwi.l Othen, be analyzed ice H:.

iN
jý;6

pl
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B. ~Analytical Procedure

I. Sample Handling and Preservation

Upon receipt, the XCSM samples will be stored in a
hood or secured container at 4-C until the time o-:
analysis. The samples will be allowed to warm to room
temperature prior to analysis. The samples must be
analyzed within five days of collection. After
analysi:, the sample is returned to the hood or secured
refrigerator in the event re-analysis is required.
Otherwise, the sample is decontaminated prior to properg disposal. Standard solutions will be stored at 4 C
from the start of the analyses and periodically
analyzed to verify that noticeable decomposition does
not occur upon extended storage.

" 2. GC CeC ration

"The instrument is initially calibrated with five
Stand =.. .-. A calibration curve is mcde by piotting the
peak areas versus concentration and a line is
constructea using linear reoression analysis. Daily
calibration checks are executed by analyzing three

standards of differing concentrations at the beginning
of each day. The peak areas are compared against those
obtained from the initial calibration. Recalibration
with the five standards is required when the GC system
has not beer, op,-rate. for one week or longer or when
the peak areas ;or the calibration checks vary mare
than + 10% from the values obtained for the standards
cduring the initial calibraticn.

3. Sample Analysis

Once the instrument has been properly calibrated,
analysis of the samples can begin. The sanaples are
analyzed by injecting 3 ul onto the GC column. As a
minimum, a standard/control is run after eve-n 6
samples diring daily operation. Sta,idard deviation is
analyzed after every six samples ane the day's analyse4
are completed. The peak areas obtained 4ro. analyzing
the standards are C-ompared acalnr t the initial
calibration data and should agree within + 101'. Ii

this threohold is not met, the instrt-nment is :-.-.Sidared
tu be out ,4 calibraticn an, data icr the ;arplas ar!

. discarded. The systea i, recaliorats- ind the sa~mPiS
are then reanalyzed.

NNJ
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'4. GC Calculations

SA calibration curve is generated by plctting the
data obtained from the initial calibratior. The
concentration of HD in the standard (x-axis) is plotted
versus the appropriate peak area (y-axis). A graph is
plotted by subjecting the data tc linear regression

Sanal y'si a.

The concentration of HD in the samples is
deter-nined by extrapolation of the peak areas t, the
corcentretior. of HD along the x-a-,is. The
ccricerntratior., in ug/mg, of HD in thQ origir.al sample
is given by:

-- HD), u'g/g = x 73 m I
,10 g concrete sample

where A = the amount oi HD in the extract determined

VN!. Cs:zific Fr.-i:cedure

A. H¢ ng.'r. ND Stock Solution

:. Mri:. a 4-dr am vial Wi th Teilon-lined cap
apprpr , .Etely/.

. Fipet q.9 mL chloroform into 4-dram vial and seal
with Teilon-lined cap.

Z. Prepare for neat HD transfer in accordance with
C1he ,-ocedurQs defined in SOP NML-0-ý'. Th-e- atack

ip wn.'~de by pipetting S1.0 uL HO into the
9.9 ML chltrz•'ormi in the 4-d-am v~a-

U,. 3C Calibration Standzrds

1. Mark 5 4-dram vials with Tei ir-hined cap
a•prepr iatel y.

P. Prepare the iollowinc GC calitra.ionn staniards:

400% - 200 ug/mL HD

75% - 1H0 ug/ rI HD.
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----- 50% - 100 ug/mL HD

25% - 50 ug/mL HD

"10% - 20 ug/mL HD
C. Concrete/Soil Sample Extraction Procedure

1. Obtain 12 25-mL Erlenmeyer flasks and mark
appropriately.

. Weigh 10 g of pulverized concrete or pulverized
scil and place in flask. Repeat until 6 flasks contain
concrete and 6 flasks contain soil.

3. Flace the flasks containinc concrete in "the fume
hood. Hood workers don protective equipment and the
two-man rule is in effect. Obtain the 10 mg/mL HD
stock soluLtion.

4. Chllerig. the first flask containing ccncrete, •ith
1100 uL of the 10 :gi/mL ND stock solution.

S. Stopper the flas!: and hand-shak.e the Erlenmeyer
fzr appr-'imate•i, 15 seconds to cover the HD challenge.
Ret flasý aside within the fume hood.

6. •epeat steps 4 and Z for the next 4 flasks
containing concrete.

7. Allow the flasks to stand 4or 10 minutes.

S. After the flasks have stood for 10 minutes, add
5 mL of chloroform to the first flask challengel with
HE. Stopper the 4 1 ask ano hand-shake F or
approximately IS seconds. Set ilask aside within the
fume hood. Allow flask tc stand for 10 minutes.

9. Repeat step 3 for' the remaining . HD challenge.'
flasks and the single concrete blank for a total of 6
flasks rintaining concrete.

10. Repeat steps 4 through 9 for the flasks containing
soil.

11. Withdraw ain aliquot of the extract with a pasteur
pipet and placQ in a 500 uL syringe with a Gelmail
filter attached to the end, Filter the e..t.act int* a
GC auto-sample vial and submit it for HD analvsis.

i* APPOVED
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12. Repeat step II for the remaining concrete and soil
samples.

13. Upon completion of the test run, decontaminate all
equipment used in accordance with the procedures
defined in SOP HML-1O and dispose of waste in
accordance with SOP HML-11. Following decontamination,
the Erlenmeyer flasks are to be washed in the fallowing
manner:

a. Wash with 5% Alconox solution

b. Rinse with hot water

C. Rinse with distilled water

d. Pinse with acetone.

e. Air dry.

SAPPROVED
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STANDARD OPERATING PROCEDURE
FOR NOVEL PROCESSES CONCRETE SURFACE AND SUBSURFACE SAMPLING

DECONTAMINATION STUDY
-------------------------------------- -------------------------------
I. Statement of Work

Since World War II, the U.S. Army has been involved with the
production, testing , and demilitarization of chemical agerts.
As a result of these activities, Government facilities including
a variety of process equipment and permanent structures were
contaminated with GB, VX, and HD. When the Army stopped
prcduction of chemical agents, these facilities we:-e
decontaminated and put on an inactive status and are candidates
for excessing actions.

As part of this test program, a method of on-site building
material sampling and CSM1 analysis must be developed and tested
to determine the level of decontamination of the structure.

A series of tests has been designed to test a method of
zbtaini-ig s-irface swab samples and subsurface drill samples of
c.sorrete :hallenqed with neat HB. The samples obtained will then
bL analyzed +or residual HD.

1I. Obiectioe

The cbjective of this study is to develop and test a method
of surface and subsurface samplinc to be used in the
decontamination confirmation tests cn existing Government
buildings that werE once cortamina.ted with CSM.

III. Materials and Equipment Desisqn

A. Materials

1. Concrete Test Coupons as needed
a. 5" X 5" X 1/4"- Swab Tests
b. 5" X 5" X I" - Drill Tests

2. Stainless Steel Coupons as needed
a. 5" X 5" X 1/S"

3. Alkyd Painted Meta Coupons as needed
a. 5" X 5" X 1/6"

4. Coupon Holder Box - Drill Tests S ea:h

~ "'~ ~ r (



B-28

Hazardous Materials Laboratory
HML SOP-20-086-O1
July 1986
Page 3 of 10

5. 3/S" Power Drill Press I each
"with 1/4" tungsten carbide bit

6. Coupon Templates
a. Subsurface Template 1 each
b. Surface Template I each

7. Solvents
a. Chloroform as needed
b. Hexane as needed

8. Red Marking Pens as needed

9. 4-Dram Sample Vials as needed

10. Pyre). Glass Baking Dishes as needed

It. Gauze Pads, 2" X 2" X 12 Ply as needed

12. Forceps 2 each

1,. GC Auto-injector Vials as needed

14. Pasteur Pipets as reeded

15. Stop Watch 1 each

16. Laboratory Notebook 1 each

17. Hamilton Sjringe with Stepper, 10 uL I each

18. Hamilton Syringe, I mL I each

19. Micro wipes as needed

20. Styrofoam Vial Holder I each

21.. Acid Brush as needed

22. Tape, Duct as needed

2-. Scft-Cotes as needed

24. 4-Liter Decon Bucket containing Bleach 1 each

.. Metal Vial Holder I each

2b. Wash Bottle containing Bleach 1 each

.i i.-
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27. Butyl Rubber Aprons 1 / person

28. M17 Mask 1 / person

29. Latex Rubber Gloves as needed

30. 17 mil Butyl Rubber Gloves as needed

31. Balance 1 each

32. Plastic Secondary Container 1 ea=h

3. Chemical surety material used in the testing is
authorized under Bailment Agreement DAAK11-84-H-00O3.
The CSM used in these tests will be HD.

E. ApparatLs Desiqn

The test apparatus to be used in these tests will be a
lucite bo:x that will serve to collect the dust generated by
d!-illing into the concrete coupon ( Figure 1.) and a small
drill press to afford easy drill-ing of the coupor.s.

11). Analytical Technique

The surface swab samples and the drill dust e:xtraction
samples will be analyzed on a Hewlett Packard 57"0A Gas
Chromatograph. The extraction of the surface swab samples will
te done using hexaris and the drill dust extraction will be done
-using chlorofcrm. The extract samples will be pipetted into GC
auto-sample vials and submitted for analysis.

'V. Test.Conditions

A. CSM: Ne-at HD
F2: Temperature: Ambient - approximately 62°F
C. Test Material: Concrete/Painted metal coupons
D. Solvent: chloroform-, hex:ne
SE. 5 coupons will be tested each day on two successive

days for each test method and surface.

rI
APPROVED
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V. Test SafSi•Y

1ev1l o4 tHOE unallen

rnwifll be ue

Swab tests on 5 blank. C ret e coupons

Drill testS on 5 blan. concrete 
p

tests Of the surf ace 
wa

tee!Couponss

teit sgjU recovery &t,,.t uAsing 5 Otjnes drlltetzS

a4 : pri"test: spike

r.1camum • te st into 10 mL Chloroform

25Z o4 actual cha~llenge

00

TWO,
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"Challenge 5 concrete coupons with HD, Swab
Test.

Challengs 5 concrete coupons with HD, Drill
Test.

Day 2

U Challenge 5 concrete coupons with HD, Swab
Test.

Challenge 5 concrete coupons with HD, Drill
Test.

Challenge 5 painted metal coupons with HD,
Swab Test

Challenge 1 stainless steel coupon with HD,
Swab Test, Maximum Recovery

Challenge 5 painted metal coupons with HD,
Swab Teit

Challerg- I stainless steel coupcn with HD,
Swab Test, Maximum Recovery.

SVI General FPot.OedUre

A. Sarfgcs Swab Sampling_ Test

The twt will ba onrducted by placrn• 75 uL (95.25 mr,)

of HD on the surface o4 a 5" X 5' X 1/4" concrete coupon in
a "6 dct patterrn. The coupon vill immediately t'e swabbed in
2 directions with a gauze pad that has been dipped in

hevane. The swab is then placed into a 4-dram. vial

containing 10 mL of hexane. The bottle is shaIkro for a

period of time and an aliquot of the eutract is placed into

a GC auto-sample vial and submitted 4cr G= analysis.
.Duplqi •te tests of S coupons will be conductad 3n 2

sucCTesiVw dab'.

=• ~~The t~s will be conducte:• by placing a 5V K 5" K I"



B-32

Hazardous Materials Laboratory
HML SOP-20-086-01
July 1986
Page 7 of 10

concrete coupon into a Lucite box (Figure 1.). 50 uL
(63.5 mg) of HD will be applied to the center of the coupon
within a defined area and the coup~n. will be allowed to
stand for 30 minutes. Then the lid of the box will be taped
into place and 5 holes will be drilied to a depth of 1124"
depth using the drill press. The dril! dust will be
"transferred into a 4-dram vial. A known quantity of
chloroform will then be added to the 4-dram vial and shaken
for a period of time. An aliquot of the extract will then
be placed into a GC auto-injection vial and submitted for
anal~sis. The qeight of each concrete sample will also be
obtained. Duplicate tests of 5 coupons will be conducted
on 2 successive days.

VII. Spezific Procedurs

A. Surface Swab Sampling

a. Qhtai. the required number of 5" X 5" X 1/4"
concrete.'painted metal coupons.

Lb. Flace surface template (Figure 2) on surface of

coupon and mark the center of the holes with a red
Smarking pan. Mark sampla coos or. coupon. Repeat ior

all coupons.

c. Marit 4-dram vials and GC auto-injection vials with
the appropriate code.

d. Place 0. mL heuane in each 4-dram vial ard seaa
with a Teflon-lined cap.

Ia. Place coupons in glass baking dishes located
within the fume hood.

f. Fosition gaute pads, forceps, 4-dram vials. GC
vials, pasteur pipets, and Z -o jars 4illed with
he:tane insid* the fume hood.

0. Prepare for 75 uL ND challenge and conduct the
challenge of a single coupon acc-ording to the
procedures defined in WtL SOP-I.

h. Grasp a gauze pad wi',N forceps and dip th e Pd

heiharýe from g :-o:. glass jer. Wipe tlli

challcnged areA o7 the coupon in one dreton fcl•
the p.-d over and sUwab the challenged area pep uar

r;'l to the first swabbinq.

t .1ntfT~C--------------------~ -------------------
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i. Moun. 4-dram vial in styrofoam holder. Fold the
_ pad again and place the gauze pad into the

appropriately marked 4-dram vial and cap vial. Shake
the vial for 15 se-onds and set the vial in holder.

j. Rinse forceps in second 2-oz. jar containing
k. exar a.

k. Repeat steps g j for each of the coupons to
tested.

I. -c'owing the e.*tra-tion of all swabs, pla-.e a 1.5
mL aliquot of each 4-dram vial into ant appropriately
marked SC auto-injection vial. Submit the samples ior
analysi s.

m. Upon completion of the test runs, the test
ma terialS and test apparatus are decontzmiratem
a-cordn.no to tha procadures defined in HML SCF-L) and
waste i sdlsposed oi in accordance with HIL SUP-1l.

J E., *uSur~a~a Dri.ll S~m;ir.g

'a ebtain the required r.umber of 5" X SO X I"
Conce.tAt czupons.

Lb. FPace subsurface template (Figure 7) on sur.ace cf
caupon and marU the outline of thQ 1" squar4 hole or.
the surzace of the coupon witn a red arktmn pen.
Mark Sample code on caupo'. Repeat 4or all cUln5,

C. Ma.rk 4-drm vial% and GC auto-in ject@t'n vials with.
the appropriate code, Tare each 4-dram vial in the
secondary container.

d. Plac 10 mL o0 Chlirofo-m in each 4-dra" vial ant,
504a Nith a Tefian-lined cap.

Slace a concrete coupon Into each C# the boL t,
Plastic banes (Figure 1.1, plaza lids on bznvs, and

placa boues into 4%4e hood.

SPosition 4-dr-an vtals, GC autO-injecticn vials,
and drill into iucte hou~d.

g. Prepare for 50 uL HD callafnoe and conduct V1•e
challenge acctrding to the prccadures drined in i-

A SCP-:l.
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h. Allow HID to stand and soak into the coupons f or
30 minutes.

1. A't the oompletion of the soak period, secure the
lids toc the boxees with tape. Position a single box in
a large glass baking dish.

j. Using the drill press,insert drill into the h~ole
located in the %top of the lutite box and drill a 1/4"
deep hole into the coupon. Pull the drill bit out a,-
the COUtPOf and maneuver the co-upon into a dhie;rer$*
poaiticn and drill another I/4s deep hole. Repeat
urntil S holes are drilled into the surface of the

I. Remo~ea d0ritU from the hotke in th~ebc nta:
&-ill hole. Sh-atte Ithe drill1 Powder off the su4rface of
tý-i coupon aind remove the tape from the Lid of the bo=.
Position t!tea appro~priate: 4-dram vie. itn fume hood&.

L p6v, the bon ;,nd re~mcve thre czncrete coPanwrc

t.Pou-r trht cr-il p,:-.derr -Frcs' the bon. Otc t~ha 4-:Ira.c
vt-a. ane, ca-40- a Tefon:a--lmnd car,.

V.. St ~Q ~e tthil P e hod. TrAnsfer a !.'- 0L-
.8tquct 0i thc- e;tract "to An Approprlataly caarIked GC-

c. Fwaat seps i 4- -or eah of tne cvcuocms tnO :St
to be te~ted.a

4 -j-*aA vtaZIS And allaa the solvent to evapcrata.

q. Cp th 4-dam vals And place them ýndlviduait.
* :~~~ntz; the seco-ndary cunta~nor adoba egt

'Ca1culate the az~uunt of ccwacrete Ln flza-h sazip'Ae.

Wip4 the bwoats '4;th sZcivort and a1104 them to1 -dry.

S.~ ~ ~ ~ c tze cplte ; 1v, test rur.,w th4

~..~qdra ;ne,-d tr, sz;i ýrt-1o and mwaota i.s s".4seond
o-f as tuLre nSZ 41-.0

CF

Ar
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FINAL REPORT

on

TEST PLAN FOR NOVEL• ~ PROCESS DEMONSTR•ATION AT

DUGWAY PROVING GROUNDS

to

U.S. ARMY TOXIC AND HAZARDOUS
MATERIALS AGENCY

ABERDEEN PROVING GROUND, MARYLAND

I. General Information

1.1 Project Description

The objective of this task, Novel Processing Phase III is to

conduct a pilot test of the hot gas decontamination concept as inves-

tigated in Phase II by Battelle. The Phase II experimental and engine-

ering evaluations demonstrated the feasibility of the hot gas decontam-
inaton using laboratory samples. Pilot scale test under controlled

conditions are necessary to further evaluate the hot gas decontamination

process prior to full-scale impler.'ntatlon.

The part of their responsibilities in DoD property disposal,

USATHAI4A must identify, contain and eliminate toxic and hazardous materials
where facilities, potentially available for alternate government or

private use, have been declared excess or are candidates for excessing.
With this mandate, USATHAHA must provide not only the technical basis

to implement decontamination but also the standards to ensure decontam-

ination has been effective.

Battelle generated, experimentally evaluated, and perfcrmed

engineering/economic analyses on novel building decontamination concepts

under separate contract. Based on the results, Battelle and USATHAMA
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selected the hot gas decontamination concept for field evaluation.

Maintaining a temperature of 150 C for 60 minutes was effective in

decontaminating HD, GB, and VX contaminated painted and unpainted steels

and porous materials. A steam decontamination concepts and an OPAB*
decontamination concept were also effective decontaminants. However,

the engineering analysis indicated OPAB would be less effective than

either steam or hot gas, while the economic analysis indicated the
hot gas concept is preferred over the steam concept.

For this project a structure will be constructed of 4 different

building materials including poured concrete, hollow block wall, solid
block wall and steel plate. The structure is described in detail in

monthly progress reports to USATHAMA under this contract. The structure

will be constructed by a subcontractor, transported to Dugway Proving
Grounds (DPG) and prior to testing, the structure will be moved into
the test chamber. The original plan (August 20, 1986) requested that

the Defensive Testing Center (DTC) be used as the test chamber. This

facility was visited on May 14 and 15, 1986 by Battelle engineers and
was considered to be the size and level of control required for this

test program. Due to delays in availability of the DTC the alternative

chamber in Building 3008 will be used for this program.

The test structure will be spiked with HD solution prior to
hot gas decontamination demonstration. The idea is to simulate a structure

which is essentially at a 3x level of contamination and is typical

of structures which may be encountered in field decontamination.

A hot gas generation system will be designed by Battelle engineers
and then coupled to the building. The exhaust gases from the building
will be cooled and evacuated from the chamber through the HEPA/Charcoal

type exhaust filters which are integral to the chamber operations.

In order to provide validation of the decontamination efficiency,
it will be necessary to collect samples in the structure both before

decontamination and after decontamination. Gaseous monitoring for
OH agent will also be required to demonstrate the release rate of HD

from the surfaces and also for safety monitoring. Finally, physical

*octyl pyridinium 4-aldoxime bromide.
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data of the system will be monitored for characterization of the heat

transfer effectiveness of the materials as related to agent release.

1.2 Location of Testing

As a result of the September 30 meeting at DPG, the USATHAMA

project officer and the BCD deputy project manager, agreed that 3008

chamber facility at DPG offers an acceptable facility for running a

controlled experiment of this nature. By using known spiked coupons,

I •state of the art monitoring, and controlled environmental conditions,

the feasibility of hot gas decontamination may be demonstrated. The

chamber allows the placement of a large structure within a controlled

environment. The coordination of available support facilities at DPG

will greatly enhance the success of this project.

1.3 References
m

The following references are relevant to the background and

operations of this project:

"The Development of Analytical Methods for Determination of HD Contamination
In or On Building Materials" Technical Report to USATHAMA Contract
DAAA 15-86-D-0001, Task 1, Subtask 3, August 15, 1986.

"Advanced Development and Field Testing of Novel Process Technologies
to Decontaminated Chemical Agent Contaminated Facilities", Battelle
Proposal to AMCCOM Procurement Directorate, Aberdeen Proving Ground,
July 19, 1985 on RFP#DAAA-15-85-R-0020

"Development of Novel Decontamination and Inerting Techniques for Explosive

.FA Contaminated Facilities, Laboratory Evaluation of Concepts". Report
No. AMXTH-TF-TR-85009, USATHAMA, March, 1985.

-*Subtask II Report on Design Review" in Battelle Monthly Report to
USATHAM, Contract DAAA15-86-D-OOO1, June 16, 1986.

ES
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1.4 Scope

The overall scope of this project is considered as a one time
only pilot test with the following objectives:

# Determine the effects of the hot gas process
on actual structures and representative
materials

# Perform analysis and sampling for agents on
or in building materials, soils, and exhaust
air streams

* Demonstrate the feasibility of the hot gas
process in pilot-scale decontamination tests
of contaminated structure

@ Confirm/refine the assumptions made in previous
engineering and economic evaluations such that
a detailed design of a full-scale process can
be made.

_,Obtain data for use in satisfying regulatory/
safety agency requirements for application and
validation of a decontamination process.

It is recognized that in order to accomplish the above goals,

a joint effort by personnel of DPG and BCD will be required. The purpose

of this Test Plan is to delineate the areas of responsibility and the

specific requirements for each party.

"1.5 Limitations and Responsibilities

The following project limitations and responsibilities are

recognized as necessary for the successful operation of this project.4

1) Overall management of the project will be with BCD

under the Battelle project manager Dr. William McNeill,
Battelle Denver Operations Office. Dr. McNeill will

"report all progress and problems directly to the
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USATHAMA project officer Mr. Andrew Roach, USATHAMA,
Aberdeen Proving Grounds who will have final reviewU authority.

2) Operation of the test facility will be the responsibility of

DPG personnel. Contractual arrangements for use of

the facility will be made between DPG and USATHAMA as

required.

3) The preparation, handling, and analyses of all samples

collected at DPG will be the responsibility of DPG

lj personnel.

4) The operation of the hot gas generator will be the
responsibility of DPG personnel with the advice

of Battelle personnel.
l •5) Construction of the test structure and delivery to Dugway

will be by Furst Construction (Salt Lake City Utah) and

coordinated with DPG operations. Final approval of

construction will be by BCD engineers. Support requirements

such as power and fuel will be coordinated with DPG by

BCD engineers.

6) Installation of the structure into the chamber will be

by DPG personnel.

7) All agent handling equipment, agent monitoring instruments,
real time data monitoring, decontamination of personnel

and final disposal of the structure will be by DPG

personnel.
8) All safety and operating procedures will comply with

DPG regulations. All onsite BCD personnel will

follow DPG safety regulations and will observe all

area access limitations as required by DPG. BCD
will prepare a draft of heater operating procedures

AA for DPG.

9) During test operations, 24 hours a day monitoring will

be required and therefore overtime security and
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operations will be requied from DPG personnel. BCD

personnel will require on-site access in order that
a BCD staff person is on site at all times during
operations. It is anticipated that during test

operations the BCD crew will be limited to 3 persons
(1 woman and 2 men). These three people will require

housing at Dugway. Additional staff may be required

during construction phases but on site housing is not

essential for this period.
.10) All sample handling, sample analyses, and data handling

by DPG personnel will be observed by on-site field

personnel from BCD. Any questions regarding methodology
or safe operating procedures by BCD personnel will

be directed to the on-site DPG field manager.

1.6 Calibrations and Quality Assurance

In addition to the above listed general limitations and

responsibilities, specific actions related to Quality Assurance will

be required as follows with responsibility in parenthesis:

e Maintenance calibration records of all flow devices
for air heater operations (BCD)

* Maintenance of records of all RD spike preparations
(DPG)

- Maintenance of pre/post calibrations of temperature
readouts (DPG)

# Maintenance of calibration records of air sampling
instruments (OPG)

# Analyses of necessary internal spikes, and split
samples for laboratory quality control (OPG)

e Maintenance of log books during testing operations
(BCD and DPG)

%M.r
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- Validation checks of Real Time Monitoring data
accuracy (data point checked pretest) and chronometer
accuracy (time record checks daily) (DPG).

It is planned to have a QA representative from BCL review specific
procedures prior to test operations. The representative will be onsite

during testing and analysis. All DPu records will be reviewed internally
M by required DPG personnel before final release. Records of any corrective
-S action will be noted and included it. a final report. Records and data

collected by BCD during on site operations will be made available to
KUm DPG personnel as required. Copies of all data and calibration records

will be collected and stored at the Battelle Denver Operations Office

except original BCD laboratory notebooks which will be filed by the

Columbus Records Management Office.

1.7 Temporary Cheucial Exclusion

The chamber area will require temporary chemical exclusion
of 1 working day. Agent diluted for spiking, will be taken from the

- chemical laboratory to the test area and added to the test coupons.
The unused chemical will be returned to the laboratory the same day.
Alternatively, the coupons may be spiked in the laboratory but the

floor spill solutions will still require transport and delivery onsite.

1.8 Safety

•Ougway will be responsible for on site safety during operation

of the test. Battelle will provide necessary burner operating guides

with safety instruction to Sugway operating personnel.

2. Supplies and Facilities

2.1 Fumished by Ougway

The following supplies, materials, and facilities will be

supplied by Dugway in support of this project.

I
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2.1.1 Test Facility

The test facility provided by Dugway will consist of

one of the chambers in Bldg. 3008. The test will require
access to the control room for monitoring purposes, use of
decontamination facility for spiking and sampling, bench work
area for coupon spiking, power for operation of burner and
monitoring system, filter ventilation of exhaust air, optional

use of mobile conditioning unit (MCU) for periods-of spiking
through cooldown, GP-OAS data system and any required support

facilities. In addition, facilities for moving the test
structure into the chamber will be required as will parking

* access for the propane fuel tank outside the test chamber.
Installation of thermocouples wiring will be by DPG.
personnel. Facilities will be included for access to the

structure through a door. This door will be sealed with

fiberfax and clamps during test operations.

The test structure will require that a bed of soil
be piaced under the building. This soil should be local soil

"and can be loaded by a front end loader. No compaction

requirement is specified nor is aggregate size a particular

concern though large rocks should be avoided in order to allow
soil sampling. Provisions for soil sampling through the support
structure will be required also. Both loading of soil and

sample access will be provided by OPG.

2.1.2 Spiking System

The Battelle test facility will receive RD spiked

ccoupons on four vertical walls. The floor of the

structure will receive two spil) simulated spikes by
means of a syringe type of device. The coupons will
be placed in specially designed holders on each
surface. The spills will be applied to confined

areas of the floor. The floor spikes will consist of

. .
'• .( • • - • • • • • -
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two replicated deliveries to designated areas of the
floor. Concrete caulking ridges around the spill

area will prevent spillage into adjoining area.

The concentration levels for each coupon spike should

be 95 mg of HD per 5" x 5" coupon. For the spill deliveries
this amount is multiplied by the area factor to provide 1520

_ mg of HD. Dugway personnel will design, fabricate and operate

the agent spike system as required. Dugway personnel will

administer the spike solution to each coupon and floor and

will be responsible for placement of each coupon in the teststrtj.ture.

2.1.3 Sampling Tests

The sampling tests will include 4 sampling programs

each of which includes a number of different methods. Each
of the four are described in the attached Appendix A of

Attachment A.. It is assumed that all sampling will

be conducted by Dugway pe;-sonnel using methods agreed to

be accepable by both Battelle and Dugway management.

2.1.4 Sampir Safety

Since all sampling will be conducted by Dugway personnel,

any necessary Dugway safety equipment will be supplied by

Dugway P. G. Battelle will maintain an operations engineer

and/or a field site manager on site at all times. These

personnel will be monitoring th'e test operations and will comply
U •with all Ougway safety requirements. It is asswied that any

respiratory or protective clothing, r.,quired will be supplied

by Dugway. Battelle will supply its own safety shoes,

safety glasses, and hearing protection if required.
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2.1.5 Decontamination

Dugway will supply all necessary decontamination for

personnel involved in sampling using the dvailable decon change
house.

The Battelle structure may require decontamination

by Dugway personnel and this may be by either solution
cleaning on site or disassembly and disposal.

2.1.6 Agent

Agent will be supplied as a solution of HD. It is

understood that the agent is currently in a thickened state

and it may be necessary to distill the material prior to use.
Agent solution will be made using an appropriate Folvent as

defined by augway SOPs. The solvent should be compatible
with the delivery system and also should be volatile

enough to allow drying after wetting the surface.
The surfaces will be either concrete or steel and will be

painted or unpainted. Reaction with painted materials should
be minimized. Concentrations will be at workable levels as
defined by Ougway regulations but total concentrations should

be designed to simulate a contaminated building. All

control of agent solutions will be by Ougway but a written
record report of concentrations and total mass as delivered

in spiking operations will be required by the Battelle on-site

field manager. At no time will Battelle personnel be involved
in agent handling or transfer.

2.2 Support Equipment Furnished by Battelle

The following support and equipment will be furnished by Battelle

Columbus Laboratories.
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2.2.1 Personnel

A minimum number of technical personnel will be required

onsite at Dugway before, during and after the test. The

following levels of personnel have been identified as required

for operation of this program:

a Senior Engineer - responsible for design,
construction and checkout of test structure
system

* Field Test Manager - responsible for communication
with Dugway personnel, management of on-site
Battelle personnel, and overseeing all test operations

e Operators (2 required for 24 hour shift work)
responsible for monitoring of Novel Process
system during test, also one person will be
on site for pretest checkout and the other for
post test dismantling

a Technicians - as required for construction;
6I technicians will be provided prior to actual

test operations.

* Alternate Engineer - A person familiar with
all aspects of the project will be available
for substitution of the above personnel
should the need occur.

* Onsite Quality Assurance observer to review

analytical methods and data record keeping.

2.2.2 Test Structure

P • The design of the test structure will be provided by

Battelle. The facility was constructed by Furst Construction

Inc. The final structure has been delivered to Dugway and

final assembly will be by DPG personnel.

The facility does not include 1) the devices to hold

coupons in place nor 2) painted surfaces. Both of these will

be provided by BCD.

2.2.3 Heating System and Fuel

A A propane fired direct type heater will be attached

to the test structure by Battelle personnel or Furst. The

4S



acquisition, setup, checkout and operation of this system

will be the responsibility of Battelle. The system will

require a source of propane fuel outside the chamber at the

required setback distance (25 feet from the 3008). The fuel

will be a subcontracted item by Battelle.

2.2.4 Controls

Controls for the heating system and thermocouple inputs

(30-50) for monitoring the test structure will be provided

in the construction. In addition various system pressures
will be monitored by Magnehelic type devices and some provision

for monitoring and controlling the fuel supply should be

included in the fuel handling system. The controls for the

chamber and its support systems including the MCU if used will

be the responsibility of Dugway personnel and in no way will

Battelle attempt to overlay any control system on the

Dugway system of operation of the facility.

3.0 Test Procedures

The following outline of test procedures is proposed.

All prucedures will require review by Dugway and are subject to
revision as necessary to meet Dugway operating

procedures.

"3.1 General Procedures

-4 The overall general purpose of the test procedures is to

provide representative information on 1) the amount of HD spike

in the test structure, 2) the background matrix of the test

structure, 3) the temperature profiles in the various test

_* materials 4) the operation characteristics of the Novel Process

Decontamination System, and 5) the level of decontamination

achieved In the process.



3.2 System Preparation

A building with a heater unit attached on a separate base

will be built in Salt Lake City and delivered to Dugway on one

*• or two flat bed trucks.
Dugway will be responsible for final assembly of the system.

Final assembly will include:

1 1) unloading the truck(s)

2) Filling the structure base with local soil

3) Setting the building on the base
4) Repairing damage caused by transport (if any)

5) Moving the building into the chamber and blocking
wheels on structure (if used)

6) Connecting ductwork between the test structure and
the exhaust fan

S7) Connecting duct work for the MCU if used and any
required baffling or containment

8) Connecting thermocouples to data logger and
demonstrating operation and identification of
all thermocouples

9) Placing combustion control panel in control room
and connecting controls to burner

10) Checking out blower and combustion controls
11) Installing LPG piping and storge tank

12) Hooking up instrument air supply if necessary
for burner operation (not needed)

13) Checking operation of temperature control on
burner. Correcting if necessary

14) Checking setting on barometer damper (0.5 in)
and correcting if necessary

* 15) Checking in leakage into test building. It should
be less than 50 cfm at 0.2 inch negative pressure

16) If necessary recaulking bu Iding (caulking specified
by BCD)

Yý 17) Setup of air monitoring instrument in chamber and
* air sampling system in exhaust duct.,

° ;
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3.3 System Checkout

The system will be checked out to verify that all systems are

operating properly. As a minimum the following checks will be

made:

3.3.1 Flames and Pressures

a. Test structure pressure control by
barometric damper. Set to 0.5 in. H20

b. Cooling air damper opens and closes on signal

c. Exhaust flow meter
* d. Combustion blower fan and gauge

e. Combustion air flowmeter

3.3.2 Combustion System

a. Heat control valve operates

b. Oven temperature safety

3.4 Sampling

Field sampling will include a total of 5 test methods and 4

test periods. As described earlier, there will be a variety of
* building materials including poured cencrete, solid block concrete,

steel walls, and soil. Air samples and sample test coupons will
be included. Air sampling will be in the exhaust stream during

the test and in the chamber when agent is present. The filter

inlet may be monitored if required by Dulway but this information
is not required by Battelle.

3.4.1 Test Methods

The test methods include 1) wipe samples 2) subsurface
drilling, 3) soil samples using Tee type samplers, 4) coupon

51 - - - - - W
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I
collection, and 5) air sampling. The surface wipe samples

have been validated by Battelle using concrete coupons and

neat HD. The resulting validation SOPs are included in the

reference for task 1, subtask 3 report (1986) on this project

"(Attachment A). A final SOP for each method will be prepared

in format necessary for Dugway using the techniques described

in the Battelle methods.

The soil sampling will be horizontal borings of the

underlying test structure soil using a standard tee type soil

sampler furnished by Dugway. These samples will be collected

in clean glass containers and then extracted and analyzed by

a method similar to the soil SOP developed by Battelle.

Coupons will be included to simulate volatilization

of agent from various materials. The coupons will be analyzed

following the decontamination test. Each coupon will be retrieved

and placed back in its original container. A specific SOP will

be developed by Battelle to address any required coupon handling.

The sampling of air for HD will be according to methods

developed by Battelle and validated by Dugway. The specific

requirements for this project is that the concentration of HD

in the exhaust gas should be known at least every work shift

during testing and at the start and finish. This data should

be made available to the Battelle field manager and the system

operator as soon as it is available since the length of time

of operation may be based on observed levels of HD in the

exhaust gas stream. Extracted samples from the exhaust duct

sampling should be saved by storage at 40C for possible

subsequent analysis of GC/MS for breakdown products.

3.4.2 Test Periods

The following four test periods are defined with

S. requirements for samples.
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3.4.2.1 Background Sampling

The Battelle structure will require background

sampling to establish a baseline for sample collection.

The samples to be collected (Sampling procedures are

detailed in Appendix A of Attachment A) will include

the following:

* surface wipes including the structure

floor and four walls will be collected.

It is planned to have each wall half painted

and half bare with a wipe of each type thus

requiring a total of 10 wipe samples (includes

2 floor wipes)

* subsurface samples using a hand drill and

collecting the dust. Each of the painted and

unpainted floor surface will be sampled and

5 holes approximately ½ to 1 inch deep will

be required for each sample. A total of 2

composited floor samples will be collected and

each hole will be plugged after sampling using

quick setting concrete mix or caulking

s Samples of the underlying soil bed will be taken

horizontally at two locations using a tubular

sampler.

e Photographs will be taken of the complete structure

along with designated sampling locations (minimum

20 photographs).

3.4.2.2 Pretest

The preparation of test coupons will consist of

delivering the 95 mg of NO to each of 18 coupons.

The coupons will be provided by Battelle and will

include the following types:

[-
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#
* unpainted steel 5" x 5"

-.- e unpainted steel 5" x 5"

e painted cement 5" x 5"

* unpainted cement 5" x 5"

# unpainted cement 5" diameter

Of the above, 1 of each type will be returned to the

laboratory as a pretest sample. The remaining spiked

coupons will be placed in the test structure as follows:

* unpainted steels on unpainted

steel wall (1 coupon)

# painted steels on painted steel
wall (1 coupon)

s each painted in each of 3 non-metal
walls (3 coupons)

o one painted with spike face towards

poured cement wall (painted section)

e each unpainted in each of 3 non

metal walls (3 coupons)

* two unpainted with spike faces

towards two non-inetal-non painted

walls

# one unpainted coupon in hole in

poured floor (5" diameter)

* one unpainted on surface of unpainted

floor

* one painted on surface of painted floor.

Each wall and the floor will include inspiked coupons one

painted, one unpainted to act as deposition coupons. The

test program will use a total of 32 coupons, 14 of which

are spiked and placed in the structure, 4 of which are

spiked and analyzed as pretest samples, 10 of which are

blank coupons exposed to decontamination and, 4 of which

are unexposed blanks for background only.
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In addition to the coupon tests two simulated floor spills

will be included. These will be administered to a

400 in 2 area of the floor (both painted and unpainted)

by means of a syringe type delivery. The amount of HD

should be at least 1520 mg but volume can be

adjusted for ease of delivery and handling by diluting

with solvent. The solvent should be hexane. The delivery

will be administered to the prescribed area and allowed

to evaporate dry. The syringe barrel and needle will be

solvent rinsed and the rinse will be analyzed to verify

percent delivery of agent to each floor test area.

3.4.2.3 Air Nonitoring

After the application of the spike it will be

necessary to continuously monitor the air environment around

the test facility for agent. Specifically the monitoring

will include the following: U

# Chamber atmosphere

# Exhaust stream from test structure

during heating
* Air inside test structure prior to

any required entry.
# Air under floor of test structure

The chamber and exhaust gas monitoring will be required

* at intervals throughout the actual test. The structure

environment will need to be monitored only prior to any

entry to the structure.

For the chamber atmosphere a bubbler may be used.
For hot exhaust stream from the structure bubbler

and/or a ACAMS may be used. Inside air sampling may be

by bubbler method or other specified by OPG safety

requirements. The air under the floor may be monitored

* by a bubbler.

• I 11WRWMb 'A--%'rn
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In actual testing operations the exhaust level of HD
should be measured at least once per work shift. It is

also necessary to monitor this stream when the experiment

is started and terminated. The facility will be considered

decontaminated if two consecutive readings concur that

(1) the minimum detectable level (MDL) of HD is present

and (2) the minimum temperature requirements have been

achieved. At this time the facility is to be cooled using
ambient air. Monitoring should continue at least 2 more

times during cooldown.

3.4.2.4 Post Test Sampling

After the structure is adequately cooled (at least
2 days), an air monitoring test will be conducted inside

the structure to assure that the levels are consistent

with a minimal risk. At that time, post test sampling
will be conducted in a manner similar to that described

for 3.4.2.1. During post test sampling it will also be

required that samples of any solid material such as

blistered paint products or corrosion dust which are

deposited on the floor be sampled by scooping into glass

vials. All coupons will be collected and placed in

individual sample boxes. Photographs of the test structure

interior at post test along with condition of each set
of coupons upon collection should be provided by OPG

(minimum 20 photographs).

3.4.3 Sample Control and Supplies

All samples will be collected by Dugway pesonnel.

Containers can be supplied by Battelle along with any necessary

t.. tools or special equipment. All air sampling and monitoring

--
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equipment should be provided by Dugway but if necessary equipment

can be provided by Battelle. Solvents would be more conveniently

supplied by Dugway but for all sampling operations a minimum

of spectro grade or better is required. Appropriate solvent

blanks will be taken during each test program.
All samples will remain in the control of Dugway personnel

though Battelle on site personnel should be permitted to observe

sampling unless prohibited by safety regulations. Data from

analyses will be reviewed simultaneously by Battelle and Dugway

before release and both will need to agree to release data

prior to preparation of a final report. Battelle will supply

necessary sample record sheets, sample identification numbers,

container labels, and analytical travelers for reporting.

Any chain oi custody or sample control will be the responsiblity

of Dugway personnel and a traceable record should be available

for each sample for data validation.

3.5 Test Chamber

The operation of the 3008 Chamber will be by Dugway personnel.

The conditions to be simulated are normal environmental conditions;

constant air temperature with humidity monitored.

3.6 Chamber Systems

The operation of Chamber Systems will be by Dugway personnel.

These will include the following:

a Modeular conditioning system
o Air filtration system

# Data collection system.
These systems will have to be checked out after installation of

*I the planned operations.

O W
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S..3.7 Novel Process Operation

The operation of the Novel Process Thermal Decontamination
system will be by personnel from Dugway. One Battelle observer

will be available at all times during the test operations. During
the setup and checkout, two Battelle engineers will be onsite to

assemble and demonstrate the operation of the system.

3.8 Novel Process Systems

Ali controls for the burner will be provided by the contractor.

It is planned to heve a Battelle engineer on site to monitor criti-al
operations during test operations. Any functions which are critical
to safe or continuous operation may be alarmed to alert the DPG

operators of possible problems. A SOP for burner operation

"will be provided by Bdttelle and the plan will include

shutdown procedures.

3.9 Test Schedule

A tentative test schedule is shown in Filure 1. The schedule
has been planne4 around a tentative May 4, 1987 test date with

"completion of the program within 3 weeks. A definition of each
task is included below.

3,9.1 Setup - 1) filling soil and Installing soiý
sampling ports

2) hook up of thermocouples and monitors

3) installation of air monitoring systems

"4) setup of fuel delivery system
5) installation of tooling system - dilution

air
6) installing test coupon holders in test

structure
7) installation of test stru:ture

8) setup of data collection system
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Note: Setup tasks may be completed earlier than dates

specified.

3.9.2 Checkout- 1)operation of direct fired heater
2)operation of cooling systems

3)operation of data collection
4)identificati.on and replacement or

repair of malfunctioning monitors
in system

5)setup decon system.
6)cal ibration checks

3.9.3 Background
6Sample-1) pretest background air sample test

2) collection and analysis of sample as
described in 3.4.2.1

3) photographing of sampling operations
and structure interior (approx. 20 photos)

3.9.4 Spike -1) review of iafety operations

2) check of supplies for test

3) delivery of spike solutions to test
chamber

4) setup tempo'ary chemical exclusion
5) test air monitoring systems ..N

6) deliver spikes to coupons

7) fill spill delivery system

8) return any unused solutions

3.9.5 Pet-est-1) monitor structure air prior to entry
2) place coupons in designated plates

3) deliver floor soill samples to designated
spots

4) collect blank and pretest sa;oles
5) seal and insulate structure door
6) "iventory of samples collected delivered

to Battelle Test Manager

'0!



7) return blank coupons and pretest samples

to laboratory

3.9.6 Analysis-i) Dugway laboratory provides initial

screening o ' HO to verify contamination
of structure

2) final check of all systems operations

3) validation of data collection system.

3.9.7 Test - 1) perform thermal decontamination

2) collect manual data

3) collect real time Aata by data acquisition

4) monitor operation of heater system

5) monitor exhaust gas concentration of
HD

6) shut down heating system when two consecutive

exhaust air monitor reports are below

• I MDL (.003 mg/mi3 ) and all thermocouple

points (#'s 1-9, 11-27, 43, 44, 45,
54, 55 from Agent Test Module Drawings)

of the test structure are at least

300 OF for a minimum of one hour.

3.9.8 Cooldown - 1) switch to cooldown

2) monitor system by real time data

acquisition (automated)

3.9.9 Sample - 1) monitor structure air prior to entry

2) collect post test samples (3.4.2.4)

3) deliver samples to Dugway lab
4) provide inventory of samples to

Battelle field manager
5) Photograph interior of structure and

all collected coupons.

e 6) Calibration checks.

. .
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3.9.10 Cleanup- 1) decontaminate structure with liquid decon

solution if required

2) remove test structure

3) disassemble structure

4) dispose of material as required.

3.10 Decontamination

All decontamination will be provided by Dugway. The

following may require decontamination.

e personnel taking samples

# test structure after thermal decontaminatior test

i any sampling or spiking systems exposed to agent

e the test facility if agent vapors are detected
outside the test structure

* all ducting, insulation and ancilliary support
equipment.

3.11 Decontamination supplies

Supplies for decontamination will be furnished by Dugway.

The change out house associated with the facility will be made

available and useable for sampling personnel during the pretest

and the post test sampling. Backup decontamination will be supplied

as required.

3.12 Backup Decon Facilities

6 Additional facilities for decontamination will be provided

as required by Ougway safety regulations. Decontamination will

be for HO only.

Oll
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3 3.13 Monitoring of Test Chamber

Samples of the test chamber (both the chamber and the test

structure) atmospheres will be monitored by Dugway using appropriate

methods as required. These two monitoring stations are primarily for

safety purposes. The exhaust of the test structure will be monitored

at least every day shift during the test as a measurement of the

decontamination products and also at the start and finish of the test

for indication of initial and final HD concentrations. (continuous 1 hr.)

3.14 Change House

The change house will be operated for use of Dugway

sampling personnel during the pre-test and post-test sampling. It

is estimated that approximately one day will be required for each

sampling period but a reserve day may be included as required. During

test operations the change house should be available for any emergency

or repair activities but no sampling is planned for the

actual test period.

3.15 Operator Training

For the operations of the direct fired heater system,

training will be conducted onsite by a Battelle engineer. The trained

operators will be responsible for overall system operations and

maintenance records.

Operators of the 3008 system and the GP-DAS data

collection systems (Dugway) will be trained according to

Ougway procedures.

Sample team members (Ougway personnel) will be provided

with SOPs for collection of each sample type along with a list

of samples to be collected. These SOPs will have been jointly

approved by USATHAMA, Dugway Chemistry, Operations, and Safety

departments along with the Battelle on s~te manager, and project

manager. Prior to spiking, a practice sample spiking with solvent

lip
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will serve as a training exercise. All items related to safety

and decon will be specified by Dugway. The methods of collection,

labeling, and analyses will be mutually agreed between Battelle

and Dugway. An on-site .est field manager from Battelle will

observe all sampling (without entry into contaminated area) and

will provide consultation es required.

3.16 Agent Transfer

All handling of HD avent solution will be by Dugway personnel.

Agent handling will include the following:

9 distillation of isent

* preparation of spiking solutions

e labeling and record keeping

# transport of agent to test location

* design and operation of floor spill delivery method

9 spiking of test coupons placement and recovery of all
spiked test coupons

* placement and recovery of all spiked test coupons

* transport of unused solutions and collected samples
to laboratory

At no time will Battelle personnel be involved with agent transfer

activities.

0 3.17 Test Procedure

After finalization of a Test Plan, specific test procedures

will be provided in a format as specified by Dugway. Battelle
0 will provide the following test procedures.

, collection and analysis of soil samples

# collection of'surface wipe samples

0 o placement and collection of test coupons

0•



* analysis of test coupons

9 operation of the direct fired heater systems

s methods for high temperature exhaust air sampling

# requirements for test operations

The necessary operating procedures for the 3008 chamber

will be provided by Dugway to their personnel. A standard

Operating Plan will be developed by the DPG test officer.

3.18 Contaminated Waste

The test structure can be decontaminated with an appropriate

decontamination solution while in the chamber and then moved outside
if necessary. The material may be stored on site. If necessary

the structure could be demolished and disposed as required. The

support materials such as insulation will require on-site disposal.

An estimate of the total materials will be provided in the final

"test structure design report.

3.19 Safety

All safety directives will be according to Dugway operating

procedures. Battelle personnel will receive briefings as required.

Medical records of Battelle personnel will be provided if required.

All Battelle on-site safety will be coordinated through the Field

Site Manager who is an industrial hygienist. Any questions regarding

questionable aptivitdies, liability or other safety related issues

will be directed to the Battelle Safety Officer in Columbus, Ohio.

3.20 Protective Equ ipmen t

Battelle will provide its personnel with safety shoes,

safety glasses, and hard hats if required. Safety equipment related

to accidental agent exposure should be provided by Ougway according

to their procedures unless specifically requested otherwise by

Ougway safety.

]mllL •~ ~~~W deotaiato soltio while in the Khme An thn ovd tid



3.21 Security

Battelle personnel on-site will have DOD clearances which

will have been forwarded to Dugway for site access. In the event

that a Battelle team member is not cleared, a cleared Battelle

person will act as escort. This will relieve Dugway of responsibility

of providing continuous escort.

During test operations, Battelle will maintain at least one

person on-site at all times. In the event of the person needing to

leave the test site, a contact point will be established with the operator

for emergency communications. During cool down periods, Battelle personnel

.. will be provided either on-site or on call as required.
The security of the area will be the responsibility of Dugway.

It is especially important that after spiking of the test structure,

it be secured until completion of the test in order to assure test

data validity.

4.0 Data Requirements

The following data requirements have been tentatively identified

as necessary to the operation of this test program. It may be necessary

to add additional inputs so provision for additional data should be

anticipated.

S4.1 Process Monitoring

The following temperatures will be monitored in the test structure.
As a minimum interval, temperatures should be scanned every 4 minutes.

The TC designations are the corresponding thervocouple numbers from

the Agent Test Module Drawings, sheet number 6.

1) inside test structure room (TC 41)

2) Inside test structure room, second location (TC 42)

S
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3) Inside concrete wall (TC 1)

S4) Middle concrete wall (TC 2)

5) Outside concrete wall (TC 3)
6) Inside solid block wall TC 11)
7) Middle solid block wall (TC 12)

8) Outside solid block wall (TC 13)
9) Inside hollow block wall (TC 21)

10) Middle hollow block wa1l (TC 22)
11) Outside hollow block wall (TC 23)
12) Steel wall (TC 43)
13) Steel ceiling (TC 54)
14) Steel ceiling, second location (TC 55)

15) Inside 6 inch floor (TC 8)
16) Outside 6 inch floor (TC 9)

17) Inside 12 inch floor (TC 27)
18) Middle 12 inch floor (TC 28)
19) Outside 12 inch floor (TC 29)
20) Bottom soil, 6 inch floor (TC 10)

21) Bottom soil, 12 inch floor (TC 30)
22) Duct from test room before dilution (TC 47)
23) Duct from test room after dilution (TC 48)
24) Air to burner (TC 50)

25) Chamber air near test structure (TC 51).

The temperature data wilt require real time data acquisition and reduction

(I min. average). The output should include 1) hourly average, 2)
maximum and minimum values in hour, 3) rate of average change since

last hour. All data should be available for manual monitoring access.
The Battelle operator will be required to maintain a process report
during each shift and access to temperature data will be necessary.
A copy of the manual data collection form In Included in Appendix A.

In addition the following process data will be monitored.

1) Barometric pressure

2) Pressure in test chamber



3) Pressure in test structure (#1)*

4) Pressure in combustion blower outlet (#2)

5) Pressure drop in filter systems (DPG)

6) Humidity in chamber (#6)

7) Flow rate of air to burner (#5)

8) Flow rate of fuel to burner (Rotometer)

9) Flow rate of exhaust gas from test structure (#3)

10) Level of fuel in storage (Manual)

The above data can be either manually monitored or collected as part

of the real time monitoring. As a minimum the above data should be
collected every 4 hours. Items critical to operations will be monitored

more often and may be connected to alarm signal systems if required.

4.2 Agent Monitoring

Monitoring for agent concentration will be required at 3

locations: the test chamber atmosphere, the test structure atmosphere,

and the structure exhaust. The monitoring of the chamber is for safety

purposes as it provides an indication of contamination of the chamber

from outgassing of the test structure. The test structure monitoring

using bubblers will be continuous and will be used tn determine the

risk hazard for entry of personnel. The exhaust stream monitoring

provides an indication of the degree of volatilization of spiked agent

from the structure, For purposes of concluding the test, two consecutive

readings of below MOL (.003 vg/m3 ) will be considered as decontaminated.

Note that in no event will a test be terminated without a minimum of

one hour at a temperature of 300bF for thermocouples located in the

test structure. A field data sheet for air monitoring is attached

in Appendix B.

*Note: # designations correspond to Gauge Schedule in Agent Test
Nodule Drawings, Sheet Number 6.
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4.3 Analytical Data

Apalytical data as reported by Dugway will include results

of all analyses as well as assays of agent solutions used for spikes.

For spikes, the concentration of HD and identification of the solvent

will be required. Information and identification of each sample at

each location will be recorded on analytical travelers supplied by
Battelle. Example of travelers for wipe sampling, soil sampling, coupon

I sampling, and miscellaneous (such as paint deb-is, or corrosion) sampling

are included in Appendix C.

4.4 Reporting

All data and analytical results will be reviewed jointly by

Battelle and Dugway personnel prior to any release. Any outlier data

will be identified and all calculations and records should be available

in laboratory record books for review. Dugway will provide directly

to the Battelle Program Manager, Dr. W. McNeill (Battelle Denver

Operations), the raw data and summary reports as well as completed

analytical travelers for each sample collected. The Battelle Field
Manager will maintain an inventory of all samples collected for cross

checking the reported results. In the event of missing data, records

of sample receipt by Ougway will be checked to verify collection of

samples.
All final reporting and data management will be performed at

the Battelle Denver Operations office. Records of the test structure

operational data will be maintained by the Battelle Field Test Manager

with copies to the Battelle Denver Operations. All records of the
chamber operation will be maintained by Dugway with copies to the Battelle

Denver Operations. All analytical travelers provided by Battelle in

conjunction with sampling efforts will be reeturned to Battelle Denver

Operations. Copies may be retained by Ougway.



• t3

4.5 Quality Assurance

For quality assurance the following activities are identified

as essential operations.
1. Records of calibrations of all flow measurement

devices such as dry gas meters or rotometers will be
forwarded to the Battelle Denver Operations (BOO) office
for recording.

2. Copies of lab records on spike preparations will
be forwarded to BOO.

3. Calibration records of air monitoring instruments
will be made available if required.

- 4. Laboratory analyses will include internal spikes
to demonstrate accuracy of analysis and split samples
for precision analysis. Duplicate samples will not be

taken in the field.
5. Log books will be maintained for laboratory analyses,

operations, and Novel Process operations. In addition
Data sheets will be use4 for data recording and

Analytical Travelers will be provided by Battelle for
sample recording. All data sheets and log books will
be completed in ink only. Errors should be crossed
out, initialed and an explanation should be included

for each correction. At no time will correction fluid
or pencil entries be used for data recording. Data
sheets will be returned to 800. Log books will be

retained by original organization (Ougway or 8CL)
and copies of pertinent records will be forwarded to

* 800.
6. Any procedural errors which result in the loss of

"significant data will be investigated and reported
in memo form by the person responsible for each
groups actions - the Battelle on-site manager or

.! ~ -f -
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the Dugway Project Monitor. The memo should address

the data in question, the cause of the problem,

.. •action taken, and any results which may be affected.

The memo should be addressed directly to the Battelle

Project Manager.

5.0 Organization and Schedules

The Battelle field test team is organized under subtask 7 of

Task 1, Advanced Development and Field Testing of Novel Process

Technologies to Decontaminate Chemical Agent Contaminated Facilities,

Contract DAAA15-86-D-O01. Mr. Andrew Roach of USATHAMA, Aberdeen

Proving Ground, MD is the project officer. The overall Battelle Project

Manager is Dr. William McNeill of the Battelle Denver Operations Office.

The Task I Leader is Mr. Arne Sandberg also from 8OO. The following

technical personnel from Battelle have been identified as personnel

for this task.

Design engineer Mr. Herb Carlton

Test engineer Ms. Lee Anne Curtis

= ,Design engineer Ms. Anne Langham

Field sampling and Mr. William 94-4t's
operations

"On site field test Mr. Willia -iispanen
manager

Alteroate field Kr. Dale Folsom
engineer

Analytical Liaison Mr. Tin Hayes
and QA Review

% ýi Records and Ms. Nary Berq~troz
Documentation

Data Management Mr. John Dwyer

An overall project schedule is shown in Figure 2. This schedule

addresses the principle tasks required for the project. The schedule



-- •. Is not fixed and is subject to revision. Any major changes in schedule

-4 will be noted to the BDO project manager by memo with copies to the

"l--•OPG project manager and the USATHAI4A project officer.
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APPENDIX A

PROCESS MONITORING DATA FORM
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DUGWAY PROVING GROUND -- NOVEL PROCESSES
BATTELLE PROJECT NO. G8875-o0101

DATA MONITORING, TYPE

OPERATOR DATE CLOCK TIME: START STOP

EA H HOURLY READING
NO. STATION NAME UNITS20

I•1 2 3 8 9 10 1111:

- - - - - - -- - - =

S -
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DUGWAY PROVING GROUND -- NOVEL PROCESSES
BATTELLE PROJECT NO. G8875-0101

DATA MONITORING, TYPE

SOPERATOR DATE CLOCK TIME: START STOP

H O U R L Y R E A D I N G
NO. STATION NAME UNITS - -3 _5 6 7 8 9 __ O _ 10 1

___________ 1 2 4 5 6 7 8 9 1 ii I

OBSERVATIONS: ____________________________

0L l IiiI
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APPENDIX B

AIR MONITORING DATA COLLECTION FORM



fun NOVEL PROCESSES
BATTELLE PROJECT NO. C8875-0101

AIR SAMPLE

SITE ID NO.

OPERATOR DATE START; HR MIN 1

STOP; HR MIN

TEST PRE-TEST POST-TEST BACKGROUND

LOCATION OF SAMPLER

TYPE OF SAMPLER

VOLUME Og- GAS (S.T.P.)

SAMPLES RECOVERED (1)

(2)

(3)

(4)

4• PROCEDURE REFERENCE

OBSERVATIONS:

RESULTS

DATE SAMPLE

RECEIVED LAB SAMPLE NO.

RESULT (1)

(2) _ _ _ _ _ _

(3) _ _ _ _ _ _ _ _ _ _ _ _

4m• (4)

(5)

OBSERVATIONS: _________________

ANALYST: DATE REPORTED:
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SAMPLING AND ANALYTICAL TRAVELER• FOR NON-AIR SAMPLES



' NOVEL PROCESSES
BATTELLE PROJECT NO. G8875-0101

I DRILL SAMPLE

3 SITE ID NO.

OPERATOR DATE HR MIN

PRE-TEST POST-TEST BACKGROUND

LOCATION LOCATION DRAWING:

DEPTH (IN)

NO. OF DRILLINGS

CONTAINER TYPE/SOLVENT

PROCEDURE REFERENCE

OBSERVATIONS:

RESULTS

DATE SAMPLE
RLCEIVED LAB SAMPLE NO.

RESULT

OBSERVATIONS:

ANALYST: DATE REPORTED:
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NOVEL PROCESSES
BATTELLE PROJECT NO, G8875-0101

SITE ID NO.

OPERATOR DATE HR MIN

PRE-TEST POST-TEST BACKGROUND

LOCATION LOCATION DRAWING:

AREA OF WIPE (IN 2 )

SOLVENT/VOLUME

CONTAINER TYPE

PROCEDURE REFERENCE

OBSERVATIONS:

DATE SAMPLE
RECEIVED LAB SAMPLE NO.

RESI'LT

OBSERVATIONS:

ANALYST: DATE REPORTED:
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NOVEL PROCESSESi EATTELLE PROJECT NO. G8875-0101

SOIL SAMPLE

SITE ID NO.

OPERATOR DATE HR MIN

PRE-TEST POST-TEST BACKGROUND

LOCATION LOCATION DRAWING:

DEPTH

CORE DIAMETER

CONTAINER TYPE

PROCEDURE REFERENCE _________

OBSERVATIONS:

RESULTS

DATE SAMPLE
RECEIVED ____ ____LAB SAMPLE NO.______

RESULT __________________________

OBSERVATIONS:

ANALYST: _________ DATE REPORTED: _______
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NOVEL PROCESSES
EATTELLE PROJECT NO. G8875-0101

COUPON SAMPLE

SITE ID NO.

OPERATOR DATE HR MIN

PRE-TEST POST-TEST BACKGROUND

LOCATION LOCATION DRAWING:

TYPE OF MATERIAL

SIZE

PROCEDURE REFERENCE

OBSERVATIONS: __

ZESULTVS

4J

DATE SAMPLE
RECEIVED___ LAB SAMPLE NO._ ____ J

RESULT _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

O BSERVATIONS : ....... .. . ........ ....... .... .

ANALYST: DATE REPORTED:
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NOVEL PROCESSES
BATTELLE PROJECT NO. G8875-0101

SAMPLE TYPE

SITE ID NO.

OPERATOR DATE HR MIN

TEST PRE-TEST POST-TEST BACKGROUND

LOCATION LOCATION DRAWING:

SAMPLE MEDIUM

CONTAINER TYPE

SAMPLE ADJUSTMENTS

PROCEDURE REFERENCE

OBSERVATIONS:

RESULTS

DATE SAMPLE
RECEIVED ___ ____LAB SAMPLE NO._____

RESULT _________________________________ __

OBSERVATIONS:

ANALYST: _DATE REPORTED:

..... . ..
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SOP FOR NOVEL PROCESS BURNER SYSTEM
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Study Specifc, SOP PO.

G8875-01
Revi sed
April 24, 1987

OPERATIONS FORMAT

U STANDARD OPERATING PROCEDURES FOR
NOVEL PROCFES BURNER SYSTEM

A. OPERATION START-UP

'Note: For pre-start-up (fuel valve sizing), contact Maxon
distributor, Charles Alexander of Blair-Alexander Engintesv1n.

Step Specific
No. Description .Instruction

1. Purging Furnace 1.1 Start ventilation (filter) system
blower. Turn cooling air damper
switch to open position.

1.2 Set temperature controller to
manual and run gas valve to zero-
position (min. fire).

1.3 Set high-temperature limit
controller to 8000F.

1.4 Push start button, start
combustion air blower.

1.5 Manually reset high-temperature
limit controller.

1.6. Purge furnace thoroughly,
aklowing for several (5) C plete
air changes (at least 15 min,).

1.7 Change cooling air damper switch
to closed position.

2. Pilot Ignition, 2.1 Flip pilot/burner selector
Burner Start-up switch to "on".

2.Z Push 'start pilot" button.
(Pilot will start; red *flame on"
will light.)

Page 1 of 3
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Study Specific SOP P.O.
G8875-01

Revised
April 24, 1987

2.3 Release pilot start button. (Main
valve opens automatically, main
burner is on.)

2.4 Go to automatic control on
temperature controller, set
temperature control to 2000 F.

Note: In the event of flame-out, repeat steps I and 2.

If flame-outs persist, check condition (moisture or dirt) of UV
scanner.

I 3. Heat-up 3.1 When the temperature of the test
module has reached 2000 F, raise
the temperature control by 500
every hour--until module reaches4000F.

3.2 Hold the temperature at 400°F for
6 hours.

3.3 Continue raising the control
temperature by 500 every hour
until the module reaches 750O4.

3.4 Hold the temperature at 750OF
until the end of the test.

Note: If steaming occurs within the test structure at any point
during heat-up, hold the temperature until steaming stops.

.4. Shut-down 4.1 Flip pilot/burner selector switch
to "off" position (keep
comsbustion air on during cool-
down).

4.2 Shut off propane feed at tank,
disconnect line.

4.3 Open cooling damper.

Page 2 of 3

#I
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Study Specific SOP NO.U G8875-01
Revised
April 24, 1987

Approved by:

Senior Vice President Safety

Biological and Chemical Sciences

Ramona A. rlaye~'Clrector 04te ~nes A.Gie~eke /Date
Quality Assuralnice Unit ssociate Section Manager

9.

e A Ane L
William Mc~eillanhD 9 ' Date
Project Leader Researcher /

JS Page 3 of 3
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rlugway, tjtah Q4O?2-5nnl'

*• Tim Hayes
N•ATTELLE
Columbus Division
nq King Ave.

Columbus, nhio 4M0?1l

Mr. Hayes:

Attached are the results from the validation studies you raquested
concerning the building decontamination project. On April 14th I received
a package containinq two concrete (one thick, one thin), two painted concrete,
one steel, and one painted steel coupon. The thin concrete coupon was
pulverized for the extraction study. Recause T received so few samples I
divided the coupons into four ?.50 by ?.50 squares by marking each coupon
with a pencil. The methods outlined in your report were executed with the

* following exceptions:

I) All extraction and coupon samples were spiked with neat HD (q90 purity)
to facilitate easy delivery. This spiking method also eliminated solvent
effects on the painted surfaces which resulted in higher recoveries from the
swab samples.

?) T',n milliliters of chloroform were used to extract the 411 from the soil
and pulverized concrete samples, The additional chloroform was necessary due
to the hiqh clay content of rQuqwiy soil, The clay content may explain the
lower than expected recoveries from the soil extractions.

"41 Four Sul rrors we9rP used to spike each ?.qO by I.c" section of coupon.
Thus each coupon was contanminated with a total of 80ul of HO instead of 75ui
whieh was soecified in the report.

4) nur surety relitioins require that two pe-ole bp present 'turing any
neat aqent opera Ion. Because of this requirement I was able to swab the
coupon itrediatelk 4ftor mV oaetnor spikod the Suefc•,c0 This procadure also
contributed to the high percent recoveries fnm the ;*,wbb samples, which
is particularly notirN111? tn the tnipainted roncrqte samplos where roveries
were very high in coparison tO your findings.

S•vi'n Thompson

Che•itcal Technology Branch
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TABLE 1. Results of Pulverized Concrete Extraction Samples

Sample No.% Recovery
1-4-16 100 X - 94

2-4-16 92 SD - 3.5
3-4-16 95 %RSD - 3.7
4-4-16 90
5-4-16 92
Blank BDL

6-4-20 87 Ri89
7-4-20 88 SD -1.7

8-4-20 92 %RSD - 3.7
9-4-20 8810-4-20 89
Blank BDL

Method Recovery - 91%
BDL - Below Detectable Limit
Theoretical Method Detection Limit - 0.5 pg/g Concrete

I
IV

IN
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TABLE 2. Results of Soil Extraction Samples
Sample No$ % Recovery

1-4-16 69 R -74
2-4-16 70 SD - 4.1
3-4-16 76 %RSD - 5.5
4-4-16 78
5-4-16 79
Blank BDL

6-4-20 78 X-76
7-4-20 75 SD - 1.9
8-4-20 78 %RSD - 2.5
9-4-20 77
10-4-20 73
Blank BDL

Method Recovery - 75%
BDL - Below Detectable Limit
Theoretical Method Detection Limit - 0.7 pg/g Soil

'1
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TABLE 3. Results of Concrete Swab Samples

Sample No. % Recovery
1-4-16 72 X-67
2-4-16 71 SD - 5.0
3-4-16 62 %RSD - 7.5
4-4-16 61
Blank BDL

Method Recovery - 67%
BDL - Below Detectable Limit
Theoretical Method Detection Limit - 1.2 pg/sq. in. Concrete

OIA

FV

a
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TABLE 4. Results of Painted Concrete Swab Samples

SNo. % Recovery
1-4-16 100 1-l00

2-4-16 100 SD - 0.0
3-4-16 100 %RSD - 0.0
4-4-16 100
Blank BDL

5-4-20 100 R-I00
6-4-20 100 SD - 0.0
7-4-20 100 %RSD - 0.0
8-4-20 100
Blank BDL

Method Recovery - 100%
BDL - Below Detectable Limit
Theoretical Method Detection Limit - 0.8 pg/sq. in. Painted Concrete
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TABLE 5. Results of Steel Swab Samples

Sample No. % Recovery
1-4-16 100 1-l00
2-4-16 100 SD - 0.0
3-4-16 100 %RSD - 0.0
4-4-16 100
Blank BDL

Method Recovery - 100%
BDL - Below Detectable Limit
Theoretical Method Detection Limit - 0.8 pg/sq. in. Steel

I.3

SN
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TABLE 6. Results of Painted Steel Swab• Samples

Sample No Recovery
1-4-16 92 X96
2-4-16 10o SD - 3.0
3-4-i6 -95 %RSD - 3.1
4-4-16 98
Blank BDL

Method Recovery - 96%

BDL - Below Detectable Limit
Theoretical Method Detection Limit - 0.83 ug/sq. in. Painted Steel

r-
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HOURLY TEIPERATURE AVERAGES DURING PILOT TEST, DPG
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APPENDIX F. HOURLY AVERAMS OF •T URES RECORDED DURING THE
PILOt TEST OPERATION, JULY, 1987, AT DUGWAY PRO)VING GROUND (IDW) .

Attatched is s table of the hourly average temperatures of
selected thermocouples in the test structure recorded during the
pilot test (see text for list of thermocouple locations). The
data wis gathered continuously by the GP-DAS data system
provided by DIP. Other sumerized temperature data is included
in Volue 2 of this report.

The time shown in the table is in hours. All thermocouple
readings are in degrees Fahrenheit. The data begins before the
test structure is spiked and continues until the end of the
cooldown period. The "0.00" indicates that the thermcouple
connection was open during the entire hour, thus the readings are
meaningless.

4

M
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DEPARTMENT OF THE ARMY
US ARMY ENVIRONMENTAL CENTER

5179 HOADLEY ROAD
ABERDEEN PROVING GROUND, MD 21010-5401

SFIM-AEC-IEA 15 SEP 2006

MEMORANDUM TO Mr. Larry Downing, Defense Technical Information Center, 8725
John J. Kingman Road, Ft Belvoir, VA 22060-6218

SUBJECT: Downgrading from Limited Distribution to Unlimited Distribution

1. The following documents were reviewed, and it was determined by our Technical
POC, Mr. Marty Stutz, that the distribution statement should be changed from limited to
unlimited distribution.

a. AD Number: ADB073052: Development of Novel Decontamination Techniques
for Chemical Agents (GB, VX, HD) Contaminated Facilities. Phase I. Identification and
Evaluation of Novel Decontamination Concepts. Volume 1.
From Distribution Code 03 - US GOVERNMENT ONLY; DOD CONTROLLED to
Distribution UNLIMITED, APPROVED FOR PUBLIC RELEASE.

b. AD Number: ADB073034: Development of Novel Decontamination Techniques
for Chemical Agents (GB, VX, HD) Contaminated Facilities. Phase 1. Identification and
Evaluation of Novel Decontamination Concepts. Volume 2.
From Distribution Code 02 - US GOVERNMENT AND THEIR CONTRACTORS to
Distribution UNLIMITED, APPROVED FOR PUBLIC RELEASE.

c. AD Number: ADB093506: Development of Novel Decontamination Techniques
for Chemical Agents (GB, VX, HD) Contaminated Facilities. Phase II. Laboratory
Evaluation of Novel Agent Decontamination Concepts.
From Distribution Code 02 - US GOVERNMENT AND THEIR CONTRACTORS to
Distribution UNLIMITED APPROVED FOR PUBLIC RELEASE.

d. AD Number: ADB087418: Development of Novel Decontamination and Inerting
Techniques for Explosives Contaminated Facilities. Phase 1. Identification and
Evaluation of Novel Decontamination Concepts. Volume 1.
From Distribution Code 03 - US GOVERNMENT ONLY; DOD CONTROLLED to
Distribution UNLIMITED APPROVED FOR PUBLIC RELEASE.

e. AD Number: ADB125304: Pilot Plant Testing of Hot Gas Building
Decontamination Process.
From Distribution Code 03 - US GOVERNMENT ONLY to Distribution UNLIMITED
APPROVED FOR PUBLIC RELEASE.

Printed on G Recycled Paper



SFIM-AEC-IEA 1 5 SEP 2006
SUBJECT: Downgrading from Limited Distribution to Unlimited Distribution

2. The POC is Ms. Janet Wallen, USAEC Records Manager, 410-436-6317.

FOR THE COMMANDER

SCOTT M. WINTER
MAJ, CM
Security Officer
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